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PREFACE 
Recently, the study of tree diameter growth for forest 
management purposes has revived. This time, the interest is 
not so much in its uiensurational aspects but rather with the 
economics of timber growing. One of the reasons is that trees 
of different dimensions can command different prices, al­
though they are not always realized in the market. However, 
the problem is not newc 
While discussing exploitable size, a minimum diameter 
limit for harvest cutting which seems most profitable, Fernsw 
in his classic 1902 text "The Economics of Forestry" stated: 
"In this connection it must be understood 
that, although one and the same stumpage 
price per thousand feet board measure is 
paid for all sizes, the price per unit of 
ac i i" rtrnvrc in f ho t-roo» 4 c Kn nn 
means the same, for the board foot measure 
as applied to round logs is not a unit of 
volume in the same sense as a cubic foot, a 
deduction variable according to log size 
being made from the true volume to allow 
for loss in sawing". 
This opiaion on variable stuspage prices is even isore 
valid today than it was seventy years ago, although the cause 
of this variation is somewhat more complicated than merely 
volume loss owing to an excessive saw kerf. That many forest 
managers, including the Forest Service, presently are inter­
ested in determining precisely how stumpage prices vary with 
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tree size for commercially important tree species is an indi­
cation of the perception of the question that Fernow, a 
former chief of the Division of Forestry, United States De­
partment of Agriculture (USDà), provided to forestry on the 
north American continent. The quotation implies a legacy to 
current forestry practices to explore the various management 
alternatives in order to arrive at the most efficient alloca­
tion of resources in timber production. 
Fernow's concern was with the most profitable ninimum 
diameter. Today, many calculations are made to determine the 
marginal tree size, the minimum diameter tree for which the 
direct cutting and conversion costs just equal the revenue 
obtained from that tree. An almost natural extension is to 
explore the full range af merchantable tree sizes and attempt 
to determine their value by size classes. It may be argued 
^ K a 4- ^ k i c 4 c n/-\T-m5k4-4 xro n. i-1 r»c% + t*h"ir"h 
an inherent value of the timber, attributable to the cost of 
production, rather than the positive stumpage prices that ace 
regulated by the supply and demand for stumpage. 
The present study is the result of an investigation of 
stumpage prices as a function of tree size, specifically 
diameter, for a number of species. As part of the study, both 
absolute and relative prices are generated. In the introduc­
tion to this study, the nature of stumpage prices is 
mentioned and the objective of the study is stated. In 
ix 
Chapter one, the need for stumpage prices as a function of 
age is demonstrated and the argument for relative prices 
advanced. In Chapter two, the problem of index numbers for 
stumpage prices is discussed. Chapter three presents the var­
iables used to estimate stumpage prices by DBH classes. In 
Chapter four, the basic model is presented and some excep­
tions to this modal are noted. In Chapter five, the problems 
associated with testing the results, generated by the model, 
are discussed. In Chapter six, the method by which stumpage 
prices by DBH classes for the lower limit, the mid-range and 
the upper limit of the reported stumpage prices have been 
calculated, is illustrated and an example of the use of abso­
lute stumpage prices by DBH classes shown. In Chapter seven, 
the methodology of estimating stumpage price indices is dis­
cussed. Chapter eight is devoted to a discussion of the pur­
pose and use of the indices- «iso. a r:nmnaris?n is made v?ith 
some Forest Service studies. Finally, in Chapter nine, the 
results of the model, its limitations and suggestions for 
further research are discussed. 
1 
CHAPIEB 0 INTfiODUCTION 
Both public and private timber producers require more 
accurate price information for efficient resource allocation. 
At present, some stumpage^ price information of major 
stumpage sales is compiled by public agencies, for a state or 
a forest district within a state. This information is used 
principally by the buyers and sellers of stumpage, for the 
areas to which they apply, on the assumption that conditions 
are fairly uniform within the area. This type of information 
is suitable for establishing a neighborhood of prices for 
bargaining for stock resources of timber. 
However, many organizations, particularly large organi­
zations operating under highly diverse forest environments, 
are concerned with allocating funds to various management al­
ternatives for the purpose of timber production. In the all3-
cation of limited budgets, these organizations are faced with 
more choices than are open in the simple buyer-seller rela­
tionship. As a result, they need more accurate information on 
the value of likely outcoses, since the diversity of growth 
'Although stumpage is defined as; "the value of the 
timber as it stands uncut in the woods" (SAP, 1950), the more 
general meaning of the term as the standing timber itself 
shall be employed. Stumpage price is then the value of a unit 
of timber volume. 
2 
rates frequently poses for them many "close" choices with po­
tentially a substantial impact. 
0.1 Objective of Study 
There are a number of types of information which could 
be refined for management decision making. This study 
concentrates on information relative to stumpage prices. 
Specifically, the objective of the study is two-fold: 
i; to supply stumpage prices by 2 inch DBH classes for 
the important timber species^ in states represaatative 
of the eastern forest region of the USA, i.e. Indiana, 
Wisconsin, New York and Maine for the year 1970; 
ii: for these species and states and from the data gene­
rated under i, to provide a method for constructing a 
stumpage price index in the domain of DBH. 
2The species are listed in the Appendices. 
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CHAPTER 1 THE PROBLEH OF FOREST MANAGEMENT 
The role of the forest in society is mora than one of 
supplying raw material for an increasing aggregate demand of 
forest products. Although watershed protection, wildlife 
management and recreation, among other uses, have generally 
tempered the exploitation of the forest, these functions are 
increasing in importance and have become explicit constraints 
in timber production under the term multiple use. More 
recently, the coinage of the term "dominant use" by the 
Public Land Law Review Commission (1970) implies that objec­
tives other than timber production can be the guiding sotiva 
in forest management. This recognition has gradually resulted 
in restrictive regulations governing the use of both public 
and private forests for timber production. These regulations 
at various times and places take the form of preventing large 
scale clear cutting operations, the enforcement of a 
selective type of cut or totally prohibiting any type of 
cutting. Recently, forest products have shown unmistakable 
signs of econosic scarcity. Both logging costs and prices 
have increased considerably since 1870 relative to those of 
other natural resources (Barnett and Morse, 1963), but even 
more strikingly in recent years (U.S. Congress, 1969). This 
trend, especially recent increases, have been reinforced by 
these restrictions. In his projections to the year 1975, 
4 
Fisher (1971) comes to the conclusion that forestry and 
fishery product prices will continue to increase at a rate 
faster than that of the average of all prices. With a some­
what restricted use of the forest for timber production, 
improvement in the allocation of funds available for the 
management of the timber resource becomes imperative. 
Forests are neither distributed uniformly throughout the 
country, nor ara they identical over even smaller geographic 
spaces. Far from such an ideal situation, from a management 
point of view, each forest, each individual tree is the 
result of a complex set of biological, environmental and eca-
nomic conditions. The problems facing forest owners are 
i: bow to allocate limited management funds under such 
diverse conditions in space and ii: what criteria to use in 
the allocation procedure. For this allocation, costs as well 
management options must be known, assuming some constrained 
optimization objective. 
While the evaluation of the social and environmental 
values of the forest presents a great challenge to forest 
management, particularly that of publicly owned forests, it 
issurprising to find that, after decades of financial maturity 
determination, little is known about the unit value of timber 
produced; stumpage prices, when reported, are largely reported 
in terms of gross volume and total sale price. 
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At the time when stumpage values were low, they were es­
timated as a fixed sum per acre or per forest stand. When 
stumpage values increased in real terms, it became necessary 
to determine stumpage values more accurately (Brown, 1949) and 
stumpage value per acre was replaced with stumpage value per 
unit of volume, i.e. with stumpage prices. 
When timber management was primarily of an extshsivs 
nature, those stumpage prices that were reported formed an 
adequate basis for decision making. With increasing scarcity 
of timber, more intensive management became necessary and the 
timber manager was faced with a rather different problem. In 
order to allocate resources more efficiently, he must now 
i: identify the alternative courses of action open to him, ii: 
estimate the cost of carrying out each alternative and iii: 
predict the likely physical and financial response of each 
C m X T* L r» 1 ^ r- ^ ^ ^ j, m 4. ^  ^  ^  ^ 
stumpage prices. 
One of the advantages of timber as a raw material is its 
versatility. It can be used for a variety of products, depend­
ing on its quality and demand by industry. Furthermore, as 
stumpage it can be cut or left to grow in the forest. In order 
to capitalize on this versatility, forest managers must know 
what species to manage for what product and to determine the 
optimum rotation length. Assuming the forest manager to be a 
profit maximizer, he must kno# the cost and returns of his al-
6 
teraative management plans. Both cost and cevanue depend on 
the dimension of his product, the tree. 
Fernow (1902) suggested that stunpage prices (p) change 
with different tree dimensions, the most readily available of 
which is diameter at breast height (DBH), so that; 
p = f (DBH) . 
For the greater part of the range of DBH, stunpage prices in­
crease with increasing DBH because of improved timber quality 
and decreased logging costs. Since the DBH of a tree or the 
average DBH of a forest stand increases with age (t) , that is: 
DBH = g(t) 
p increases with age: 
p = f (g (t)) = h (t) (1.1) 
The function DBH = g(t) is difficult to obtain for indi­
vidual trees in a stand, since DBH distributions develop over 
wxcuxii aycu lixd yvea Hxuiiciuu aayxuy i.ui. 
all age stands. 
Explicit recognition of increasing stumpage prices, 
within given product classes, with increasing age leads to 
longer rotations. In order to estimate the function p(t), it 
is first necessary to obtain p (DBH) and DBH(t). The present 
study is concerned only with obtaining the first of these two 
functions, i.e. stumpage price related to DBH for a number of 
species in the north eastern part of the country. 
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1.1 The Need for a Stumpage Price Function 
There are many factors influencing stumpage prices. Some 
of these are entirely outside the control of the forest 
manager. But through his selection of management alternatives 
he can effect, to a considerable extent, the species composi­
tion of the forest, the diameter distribution, the number of 
trees or basal area per acre, as well as the density and qual­
ity of the timber. Changing these parameters has effects which 
relatively soon change the value of individual trees or forest 
stands. Timber investment alternatives are not restricted to 
the choice of which species to plant on what site and at what 
spacing; the relevant alternatives are more often the evalua­
tion of the financial results derived from manipulation of ex­
isting fcrcGt Gtuuds. The type of problem tue forest mauayei 
faces is three dimensional. Given his objective, not only must 
he decide what species to grow where but also for hoy long. 
Furthermore, the type of constraints he must accept influences 
his decision. If the amount of land is limited, a different 
solution will ba obtained than under budgetary restrictions. 
In the area of timber production, profit maximization is 
assumed to be the objective of management. 4s noted, for this 
objective to be achieved, forest managers need to know the 
relative profitability of various alternatives before a 
8 
decision is made on where and how to allocate scarce 
management funds. Timber production is one of the classical 
examples in capital theory of optimization ovar time. The 
interest rate at which future values are discounted is crucial 
in the determination of the rotation age. The effect of in­
creasing stumpage prices on rotation length is equally impor­
tant. 
Much information is available concerning the physical 
aspects of timber production. Yield tables, the production 
functions of the forest, provide estimates of the total volane 
that can be produced for a particular species, site class, age 
and stocking density. It is in the area of financial response 
that much needed information is lacking. 
Traditionally, a constant average stumpage price (p) is 
applied to the volume yield (q{t)) to obtain the revenue func­
tion (P. (tj). This function provides sir.agsrs with future 
values of the forest. In order to compare the profitability of 
alternative management practices over time, it is necessary to 
calculate present net values by discounting future values to a 
common point in time. Given an interest rate at which forest 
owners discount future values, the maximum discounted net 
value indicates the optimal rotation age at which profit is 
maximized over age (t) . Assuming only one product, the 
discounted revenue function may be written as; 
- -ct 
R(t) = q(t)pe (1.2) 
9 
where : 
- rt 
e = discount rate^ 
r = interest rate 
The optimum rotation age is obtained by letting 
da(t)/dt = H« = 0, 
-rt _ -rt 
ie: g'pe - rg(t)pe = 3 
or: qV4(t) = r (1.3) 
where: 
g' = dg(t)/dt. 
This states that the optimum rotation age is determined 
when the marginal volume yield equals the interest rate. The 
stumpage price exerts no influence on the choice of the rota­
tion. That p increases with age is well recognized (Duerr, 
1960: 129-138; Davis, 1966: 222-234), but it has not been ex­
plicitly stated in financial maturity models (Bentley and 
Teeguarden, 1965). Since p is a function of t (equation 1.1), 
the discounted revenue function should be written as: 
-rt 
H(t) = g (t)p(t)e (1.4) 
and the optimum rotation is then determined as : 
-rt -rt -rt 
q«p(t)e + p«g(t)e - rq(t)p(t)e = 0, 
3ln order to facilitate exposition, the continuous 
discount factor replaces the more conventional, discrete 
t 
discount factor (1+i) . 
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which simplifies to; 
q»/q(t) + pVp(t) = r (1.5) 
where: 
p' = dp (t) /at. 
This shows that the optimum rotation is obtained when the mar­
ginal value product equals the interest rate. 
For equation (1.5) to hold, since p' > 0, q'/q(t) must 
decrease by the amount pVp(t). This is achieved at a rota­
tion age greater than that determined by (1,3). If p' = 0, 
equation (1.5) reduces to (1.3). Equation (1.2) is a special 
case of equation (1.4). 
Stumpage prices (p) and volume yield (q) vary over space 
(z) as well as over time (t) and, of course, by species (s). 
The revenue function R (t) is therefore three-dimensional: 
-rt 
R(t,s,z) = q(t.s.z\D(t.s.zle (1^6) r m f % F 
Under ideal conditions, the function p(t,s,z) should be esti­
mated. Because of the difficult relationship between DBH and 
t, the present study concentrates on p(DBH,s,z). 
1.2 Review of Stumpage Price Information 
Stumpage prices for the commercial timber species ace 
calculated from the amount of money actually received from a 
stumpage sale. The sales volume generally is made up of trees 
of various species and dimensions. For each species and each 
product to be manufactured from this timber, stumpage prices 
11 
are obtained by calculating the price per unit of volume*. 
These prices, differentiated by product, species and area, ara 
influenced by a diverse set of environmental and market condi­
tions. Natural causes for variation are such things as stand 
composition, age, site productivity and aspect of the site. 
Typical market conditions which influence prices are the 
volume of a stumpage sale, the numbers of bidders and the tins 
of sale (Holley, 1970) as well as accessibility and distance 
to markets from the timber stand sold. In soma instances, 
stumpage prices are quoted per unit of product, such as fence 
posts and railroad ties. Thus stumpage prices have at least 
three dimensions, commonly recognized in the market, i.e. spe­
cies, product and location. 
Information regarding actual stumpage prices paid is col­
lected, condensed from a potentially bewildering array of data 
a VI H m a <4 Ck airai TsKlA Ktr r\r- f ^ ^  wmZ ^9», ^ 4^. M ~ w» J W W* ^  ^ U ^ W JU V t ^ ^ ^ C VA O O * ^ 
appears in two semiannual publications. 
Owing to their extreme variation, stumpage prices are re­
ported in the form of a price range, with or without an aver­
age. The upper and lower limit of the range are themselves tha 
average of the high prices and the low prices respectively. 
The reports include price information from both public and 
^Common units of timber volume are a cord and a thou­
sand board feet measure(HBF) . 
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private stumpage sales. Sample sizes are not reported aad no 
statistical inferences are made. Access to the original data 
records is not generally available and could not be obtained 
for this study. No uniform price reporting method exists among 
the four states selected as representative of the north 
eastern USA, but the methods used by the agencies which make 
the information available are straight foraard®. 
The Maine Forestry Department (1970) collects stumpage 
prices by zones. Each of the four zones contains either these 
or four forest districts. The low, high and "average of the 
most common" prices are reported by species, product and zone. 
This information is then assembled and weighted averages re­
ported for the entire state again as the average low, average 
high and the average of the most common stumpage prices. 
The Conservation Department of the State of New York 
^Information obtained from a number of individuals in 
each of the four state agencies by conversation, correspon­
dence and the following published reports: 
Brundage, R. C., and E= L. Park, 1970, Price report on 
Indiana forest products. Purdue University, Cooperative 
Extension Service, Lafayette, Indiana. F-23-15. 
Maine Forestry Department, 1970^ Maine stumpage prices. 
Forest Management Division, Augusta, Maine. 
Moats, R, H=, C, Cross and B. R. Miller, 1970. Timber prices. 
Illinois co-operative crop reporting service and Illinois 
technical forestry association. 
Peterson, T. A., 1970. Wisconsin forest products price 
review. Fail- winter 1970. University extension. The Univer­
sity of Wisconsin. 
State of New York Conservation Department, 1970. Semi-annual 
report of roundwood stumpage and mill prices. Bureau of state 
and private forestry, Albany, New York, 
13 
(1970), now the New York State Department of Environmetital 
Conservation, essentially does the same as ths Maine Forestry 
Department. However, only ranges are published. Specifically, 
no state averages or ranges are calculated by the agency. In 
order to arrive at weighted average stumpage prices for the 
entire state, for the lower limit, the upper limit and the 
middle of the range, past removal figures for the various spe­
cies of the thrae major geographical regions were used. 
Heights were developed from Ferguson and Mayer (1970) who pub­
lished average removal figures for the years 1950 to 1967. 
Stumpage price information in Wisconsin is compiled by 
the Forestry Department of the University of Wisconsin in 
cooperation with woodusing industries and the Wisconsin De­
partment of Natural Resources (Peterson, 1970). Stumpage 
prices are reported by species and products in the form of a 
range of prices ariu a ineaian pricp. among other information. 
It also presents prices of logs delivered to the mills. 
In a joint effort of the Cooperative Extension Service of 
the USDA and Purdue University, price information for logs 
delivered to the woodusing industries in Indiana is collected 
and presented in the form of a range of prices as well as av­
erages by log grades (Brundage and Park, 1970). Average 
logging, hauling and milling costs are also published. By 
deducting these costs from the delivered log prices, average 
stumpage prices were obtained. The problem introduced by log 
14 
grades was overcome by a comparison with Illinois (Boats, 
Cross and Miller, 1970) data, which established that sawlog 
grade #2 represents fairly the average quality of trees cut ia 
the state for each species. For price reporting purposes, the 
state is divided into a northern and southern area. Past 
timber removal figures were obtained from Spencer (1969) to 
arrive at weighted averages for the entire state in the same 
manner as for New York. 
Table 1 presents an example of the type of information 
presently available. The data is for red oak, a species common 
to all four states. 
Table 1. Average stumpage prices for red oak, 1970^. 
state pulpwood sawlogs veneer logs 
rangé average range average range average 
X Itd. 1.0. Ti u 5 - 6 ; "* r% - V u 1 n 1 u C'y c r\ - V f V 
Maine 3 - 6  5 18 - 27 22 26 - 39 35 
New York 2 - 6  u 2U - 37 29 35 - 130 50 
Wisconsin 1 - 6 4 15 - 50 25 40 - 90 50 
1 pi* w r\r\ A c" ^ «1 n* a /T, r\ r» 
•U M WM C Kb iC ss ars rsp S C 0 k â • 
For purposes of exposition it has been assumed here that 
2 cords = 1 MBF. 
As seen from the range of prices, averages are hardly a 
good guide, even for state size areas. For example, average 
prices for Neu York have been estimated for the entire state 
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specifically for the purpose of this study, but departmental 
officers are of the opinion that these are meaningless because 
of the vast differences in biological and acoaonic conditions 
between the three major regions within the state. 
The price ranges indicate that stumpage prices overlap 
for the various products. For all products, the lower limit 
may even be zero. When stumpage becomes worthless or, worse, 
negative in value, it is not put up for sale. It is 
submarginal. Within each stand individual treas may be 
submarginal*. Veneer logs and sawlogs are similar in size and 
may be interchanged. It is quite conceivable that sawlogs will 
become pulpwood in the absence of an adequate market. It 
should be noted that occasionally the range of quoted prices 
can be rather wide with the upper limit perhaps ten times as 
large as the lower limit of the range of average stumpage 
prices- Largely_ howeverthey are as indicated in Table i_ 
Apart from differences in logging chances and distances to 
markets, the range reflects as well differences in quality. 
While changes in quality are recognized in tha market place, 
the reported stumpage prices are not given a qualitative di­
mension. 
marginal stand (tree) is defined as; "that stand 
(tree) with the smallest direct logging profit" (Worrell, 
1959). Theoretically, it is that stand (tree) for which the 
direct logging profit is exactly zero and stumpage values are 
either zero or negative. 
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1.2.1 &deguaç%_of_infoçmation 
Stumpage prices need to be a functioa of time, as has 
been shown on page 10, if they are to be an important influ­
ence in the decision making process. Among others, decisions 
to be made concern i: given a project to be done, determine 
its present value, ii; the choice of rotation ages and iii: 
comparisons between two or more alternatives. In essence, 
these decisions require the impossible - future prices. In an 
imperfect world, the best is the only alternative, that of 
currently reported stumpage prices. Since stumpage prices in 
the near future are related to current prices and by extension 
prices in the more distant future are related to their previ­
ous prices, the conclusion is reached that future prices are a 
function of present prices. 
As published, present prices often provide a benchmark 
from which bargaining proceeds until a final price is reached. 
This final price depends on a number of variables n3t under 
the control of either buyer or seller. It may be a unique 
price, one aoze element identified in the mosaic of prices. In 
reaching a final price, acceptable to both sides, it must be 
remarked that historical costs of producing stumpage, largely 
interest charges or opportunity costs of revenue foregone, are 
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seldom considered in setting prices'. This is much the same as 
in the production of agricultural products, in that prices are 
based on supply and demand in the market and little or no spe­
cific recognition is given sunk costs (Shepherd, 1963). Such a 
line of reasoning is completely in accord with economic 
theory. 
1.3 Alternatives 
Alternatives to the present collection, compilation and 
reporting systems fall generally in two categories. One direc­
tion is to continue gathering either more or less information. 
Other approaches are more analytical. The conditions imposed 
by management on stumpage price information is that it 
accurately reflect the prices to be obtained in the market 
place for its timber products, i.e. prices for trees of vari­
ous sizes. uùuêL c«i:laiu circuwaLauves, laiyely the évaluation 
of alternative management options, relative prices will 
suffice (see page 26)= 
^It is to be noted that stumpage prices depend, inter 
alia, on the cost of extraction. This is in contrast to the 
fixed royalty rates paid for other extractive natural re­
sources. In the case of mineral resources there is little 
point in asking about the cost of producing the ore or the 
fossil fuel. But in forestry, the forest stands which emergs 
after the virgin forests are cut, the second forest, or the 
man made plantations, the third forest, direct costs are 
incurred in producing stumpage. 
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1.3.1 Data collection 
Apart from tbe rhetorical question of Hhether it is 
needed at all, a contention rejected previously, a valid al­
ternative is to continue the present price reporting system. 
It provides for the collection of prices based on the gross 
volume harvested per stumpage sale, i.e. the ratio of total 
transaction value to total transaction volume. The information 
requirement of management, stated above, is not and cannot be 
met by the present reporting method. Additional information is 
therefore required. 
A promising possiblity to solve the information problem 
lies in what the Forest Service does. It is the only agency 
known which compiles information regarding the number of trees 
by DRH classes in its stumpage sales= Such information was 
made available for this study®. Another alternative then to 
the present method would be enabling legislation to enforce 
this collection from other public and private stumpage sales 
as well. But for this information to become valuable would re­
quire simultaneously the compilation of all other information 
which influences stumpage prices because otherwise price as a 
®Information obtained from the regional headquarters of 
the USDA Forest Service in Milwaukee. In subsequent refer­
ences, this source shall be referred to as Milwaukee. 
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function of DBH is confounded with other environmental 
impacts. This is clearly a task not even the Forest Service 
wishes to contemplate for its sheer size. Further, its cost 
would be extremely large, and even if adopted, the results 
might be of questionable value because of the difficulty of 
model specification. 
Another feasible method of improving the usefulness of 
existing information would be its disaggregation by some cri­
teria. Although applied directly to the lumber industry and 
only subsequently to the forest, this suggestion is implied by 
Steinlin (1964), who used size of mill to reclassify informa­
tion. For present purposes, it would require defining 
increasingly smaller but more homogeneous areas to which aver­
age stumpage prices apply. While this partly solves the prob­
lem by eliminating price ranges, it does not alter the dis­
crete nature of stUmpayc piricea, chat would ba obtained under 
such a system. Furthermore, there is no obvious criterion for 
area delineation, leaving open the possibility of a 
proliferation of such areas to unmanageable proportions. 
Clearly, to expand drastically the existing systems is to 
court disaster in the tenuous arrangements of gathering and 
compiling the data. The solution to the information problem 
must be found in more analytical measures. 
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1.3.2 A nalj^t iça l_al terna t i ves 
Consideratioas given to analytical methods to achieve the 
objective began from the proposition that existing price data 
could offer valuable information. The sources of stumpage 
price information, previously mentioned, also contain informa­
tion on the prices of logs delivered to the woodusing 
industries. Logs are graded and identified for specific prod­
ucts. This type of information is in most cases rather de­
tailed. At this stage in the conversion process part of the 
variation in prices is removed. The remaining variation is 
attributable largely to log quality and log size. One could 
expect therefore less variation in log prices than in stumpage 
prices. But this is only valid for reported prices of graded 
logs as is the case in Indiana and to a lesser extent in 
Wisconsin. In New York and Maine the range of delivered log 
prices, reported on an ungraded basis, is often relatively 
larger than that of stumpage prices. 
Apart then from the unequal quality of the log price 
data, it concerns a particularly processed product, not 
stumpage prices» Difficulties in finding a transformation 
function for log prices to stumpage prices forced an 
abandonment of this approach for all but Indiana. Therefore, 
the Indiana log price data was transformed into stumpage 
prices and the Indiana data was treated in the same way as 
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that of the other three states. 
Another analytical approach made extensive use of avail­
able stumpage price information plus a specific set of other 
price data. Current stumpage prices, as published, are approx­
imations for complex situations. Stumpage prices may be viewed 
as elements of a matrix whose m variables, not the least of 
which is DBH, determine its dimensions. Even for a constant 
DBH class, the reported prices are tentative estimates of a 
real price situation. At best, a few elements, or even a 
vector of prices, may be readily identified, but for other 
situations prices must, per force, remain obscure. Among the 
other vectors of the matrix are the number of bidders on a 
sale, conditions of sale, time of year, intended use, distance 
to markets, accessibility, previous and current prices of 
sales elsewhere, final product prices, cost of logging and 
ùàuliuy, size of trees, numerous other economic and biological 
factors as sell as DBH, species and state or location. The ob­
jective of the present study, to obtain prices by DBH classes, 
requires therefore the identification of the vector p (DBH) for 
a number of species in each of four states, subsets of the 
matrix of stumpage prices. 
In an approach taken by the Forest Service to tackle a 
similar problem, rates of value growth, over ten year periois, 
have been established, but their absolute prices are based on 
the residual value concept of stumpage, without any regard to 
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actual prices. This and other differences between the Forest 
Service results and those obtained in the present study are 
discussed in chapter eight, 
1.3.3 Summarx_of_alternatives 
la the absence of guaatifiable estimates of benefits and 
costs to management, a benefit cost ratio could not be used as 
a criterion of choice among the alternatives discussed. Even 
the identification of those sectors of society to whom bene­
fits accrue and who "pays the piper" is not quite clear in 
each alternative. For lack of any efficiency criterion, a test 
procedure was used to see which alternative would meet the ob­
jective of the study. By this test, the first set of alterna­
tives must be eliminated all together, each for its own 
reason. 
i; Doing nothing does not meet the test; 
ii: the existing method, that of price compilation and 
dissemination, provides insufficient information; 
iii; the legislative fiat would have provided information 
of questionable value at a cost which appeared to be 
prohibitive; 
iv; the area delineation would appear to present insur­
mountable problems: its logical conclusion would be 
the establishment of stumpage prices for each indi­
vidual tree, not the desired goal. 
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Barring the Forest Service approach, the clear choice was 
between the two analytical alternatives. Both contend that the 
price information published now should be continued in its 
present form and both make use of more specific information. 
The choice between using existing stumpage price information 
or that of log prices was decided in favour of stumpage prices 
since these are the most immediate data needed for choosing 
among management alternatives. 
I.ii Methodology 
The method ultimately chosen to obtain stumpage prices by 
DBH classes makes use of the reported stumpage prices, despite 
their shortcomings. The point of departure is the residual 
value concept of stumpage as the difference between the price 
of the final product and the cost of producing it. When ap­
plied on a unit volume oasis, estimates of stumpage prices are 
obtained. The unit volume is one thousand board feet and the 
final product is lumber-, the major product for most eastern 
hardwoods. This procedure has the advantage that it starts off 
from well established and known prices in the primary lumber 
market for the various lumber grades. It shall be shown that 
lumber quality increases with increasing tree dimensions and 
stumpage are expressed in the same unit. 
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therefore prices increase per MBF for the larger dimensions. A 
fairly recent cost function (Trimble and Mendel, 1959) 
incorporating all manufacturing, hauling and logging costs, 
indicates decreasing costs with increasing DBH within the rel­
evant range of DBH, 10 to 30 inches. The existence of these 
two functions originally led Ashe (1926) to develop a model to 
calculate stuapage prices for DBH classes by deducting costs 
of production from the selling price of lumber by DBH classes 
for a single species within a well-defined, relatively homoge­
neous hardwood area. The present model is a more general form 
of the method adopted by Ashe. It expands the model from one 
to three-dimensional space. The price exacted for this gener­
alization is a loss of reality because of the extreme varia­
tion in the conditions under which stumpage sales are made as 
illustrated by the range of stumpage prices. In order to 
arrive at realistic prices, the function relating prices to 
DBH is forced through the only known point on the p(DBH) func­
tion, the intersection of average stumpage price and average 
DBH of trees actually cut. 
Conceptually, this procedure is illustrated in Figure 1, 
where it is shown how the existing stumpage price information 
is used. It is seen that an adjustment factor (F) is built 
into the model. The variable parameters, average reported 
stumpage price and average DBH, cause large variatian in these 
adjustment factors, which may be as high as the average re-
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$/MBF 
Figure 1. Stumpage prices, adjusted at the average DBH(d) 
by an amount F, as à function of DBH for the upper 
Level (u), lower level (1) and the middle (m^ of the 
range for the average reported prices p ,p and p , 
u m 1 
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ported stumpage price or even higher in a few instances. A 
computer program, written in FORTRAN language, calculated the 
estimated stumpage prices and stumpage price indices by DBH 
classes. 
1.4.1 A normative solution 
The choice of the alternative depended on the provision 
that it produce the function p(DBH), a vector of positive 
prices that are paid and that can be expected to be paid in 
the near future for these diameters and the specified species 
and locations. But what of the longer term? What information 
must be supplied to the decision maker to allow a comparison 
of alternatives for wise investment decisions? 
Where timber production is considered an investment of 
limited management funds, which must provide an adequate re­
turn on the investment, price functions are required. A proj­
ect for a specific location and species requires the function 
p(DBH) as an approximation for p (t) by means of some transfor­
mation. 
In its most simple form then, the ideal discounted net 
revenue problem whose solution is determinable is equation 
(1.4) and whose marginal condition is given by equation (1.5), 
rewritten as follows: 
PVP (t) = r - q Vg (t) (1. 3b) 
But this begs the question o z  the price level, for it only 
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indicates the relative rather than the absolute prices. 
Therefore, a normative solution in terms of relative prices 
can be obtained for any given price level. In this respect, it 
may be noted that Steinlin (1964) also expresses stumpage 
values in relative terms: das heisst, staerkeres Holz 
wird verhaeltnismaessig wertvoiler und schwaches Holz verliert 
relativ an Hert". As mentioned before, this study does not 
solve the problem entirely, for it solves for p(DBH) and not 
for p(t). But it is consistent with the normative solution in 
that p (DBH), after having been calculated for a specific point 
in time, is converted to relative prices, the price indices, 
which, as do absolute prices, become larger with increasing 
DBH, 
1.5 Index Numbers 
There are many specific index numbers in existence. Their 
common feature is that they measure relative changes over 
time, in space or over time and space. Many indices are a 
composite of heterogeneous products. For comparative purposes, 
the changes must be measured in relative, rather than in abso­
lute terms for any or all of the following reasons: 
i: differences in units of measurement 
ii; differences in quality 
iii: differences in space 
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The consunar price index is perhaps the single most im­
portant statistic provided by the Bureau of Labor Statistics 
of the United States Department of Labor*o. It forms the basis 
of negotiations in wages, pensions and even alimony payments. 
Social security and unemployment benefits are based on this 
index. It is used to evaluate changes in the economic condi­
tions of the country and the need for specific legislation and 
programs (Rothwell and Stalling, 1971), 
Other indices perform similar functions. The wholesale 
price index is a measure of price changes for goods sold in 
primary markets. It is defined by Tibbits (1971) as: "a gener­
al purpose index designed to measure the general price level 
in other than retail markets". The main uses of the index ace 
as an indicator of economic trends, a measure of the rate of 
inflation and it provides a basis for escalator clauses in 
purchase or lease contracts. Components of the series are used 
to deflate value data in estimating the gross national product 
(Tibbits, 1971). 
In the business community wage, price and production 
indices provide a yardstick hy which to measure the perform­
ance of a particular firm against that of an entire industry, 
or an industry against the entire manufacturing sector. For a 
lOAll subsequent references to the Bureau of Labor Statis­
tics of the United States Department of Labor shall be indi­
cated by BLS. 
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firm to remain competitive, it must grow at least as fast as 
the industry of which it is a part (Crowe, 1965). 
Farm support programs are based on changes in 
agricultural price indices, the parity price ratio's, of the 
major crops. 
On the Chicago Merchantiie Exchange, lumber futures are 
traded. The contract unit is 40 MBF of random length kiln 
dried construction grade western white fir 2x4*5. But to make 
comparisons with other grades, dimensions and species, index 
numbers are used. There is a very strong correlation between 
prices for 2x4's and other dimensions, grades and species 
(Coy, 1969). 
Despite the shortcomings of and misgivings about some of 
the index numbers, they serve their role as indicators of 
change in the phenomena for which they are measured. Indices 
are necessary for comparisons. 
All the reasons to use index numbers apply to stumpage 
prices. Stumpage is sold in different units, in different 
places and it is qualitatively a heterogeneous product, both 
within a species and between species. For comparative purposes 
therefore, compelling reasons exist for stumpage prices to be 
calculated as relative, rather than absolute prices. 
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1.6 Timber Quality 
The volume of a tree can be determined by its dimensions: 
diameter at breast height (DBH), merchantable height (H) and 
form class (f). With increasing age of trees, their volume, 
dimensions and quality increase. In measuring quality, the 
following problem is encountered: the value of a tree is a 
function of age, dimension and quality; the quality of a tree 
is a function of age and diaensions and the disensions are 
functions of age. But while the dimensions of an open grown, 
single tree behave quite predictably over time, the dimensions 
of a tree in the forest, grown in competition with neighboring 
trees are, at best, predictable with a great amount of uncer­
tainty. From DBH distributions the probability that a tree 
reaches a certain DBH at a particular.time can be calculated. 
Age is therefore not a good iadicator of either value or qual­
ity. Of the dimensions, DBH is more readily obtainable than 
either H or f, and is therefore most often used to indicate 
volume and quality. 
Quality increases tsitii DBH. At a saall size, the volume 
of a tree is low and generally of poor quality. On both 
counts, the utility of a tree is limited. With increasing 
size, its quality and value increase. The timber can be used 
for an increasing number of products, and various forest prod­
uct industries compete for the same dimensions. Even for the 
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same product, i.e. lumber, a higher quality commands a 
premium. Since quality increases with DBH as the most accessi­
ble variable, DBH is used as an indicator of quality. The 
quality of a heterogeneous product timber is identified by DBH 
classes. Although DBH is treated as a discrete variable in 
this study, quality can be considered as a continuous function 
of DBH. This treatment eliminates the somewhat arbitrary rules 
governing the grading of other commodities. 
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CHAPTER 2 INDEX NUMBERS FOR STUMPAGE PRICES 
The enormous differences which occur in stumpage sales, 
from which average stumpage prices are calculated for a par­
ticular species, seem to discourage analyses of stumpage 
prices. The Bureau of Labor Statistics does not publish then, 
although lumber prices and lumber price indicas are reported 
for a large number of species and even for specific uses of a 
All the same, the USDA Forest Service (1955) showed aver­
age stumpage price indices (SPI) for two species. Defined by 
the Forest Service(1954: 416, Table 242) as: 
the average annual price index 
all commodity price index*i 
the index appears to have been constructed for a particular 
species as follows: 
SPI = »PI 
i 
100 (2. la) 
i IP 9 *29 
Oj Oj ij 
HPI = wholesale price index in year i 
i 
iiThis is the equivalent of the whole sala price index 
(HPI) for all primary commodities, components of which are 
lumber and other wood products. 
33 
th 
p = stumpage price of j stumpage sale in year i 
i j th 
(J = timber volume 3f j stumpage sale in year i 
i j th 
p = stumpage price of j stumpage sale in base period 
0 j th 
q = timber volume of j stumpage sale in base period. 
0] 
The unit of timber volume is expressed as: 
MBF = one thousand board feet. 
The index shows the real average weighted stumpage price 
relative to that of the base period. It is an index of change 
over time in the estiaatsd average stuEpage price. Although 
the index is most easily expressed as in equation (2.1a), in 
practice it is difficult to calculate an index in this way. 
Often, a number of conditions are specified in the stumpage 
sale contract which invalidates a precise measurement of p. A 
similar problem is encountered in the construction of both tha 
wholesale and consumer price indices, but there it is the 
quantity g which resists a precise definition (BLS, 1953). 
0 
Instead of the original Laspeyre's formula for the indices: 
I = (Jg P /5.9 P ) X 100 
i 0 i 0 0 
the actual computational procedure employs the formula: 
I = (2(9 P ).(P /P )/l(<i P )) X 100 
i 0 0 i 0 0 0 
For purposes of exposition, equation (2.1a) will be maintained 
for the present. 
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The two species for which the Forest Service has calcula­
ted the stumpage price indices are Douglas fir and southern 
pine. Douglas fir, a west coast species, is primarily grown 
where the Forest Service is in an oligopoly position (Mead, 
1966). The Forest Service has excellent records of all its 
stumpage sales and it can calculate a fairly accurate price 
index for the average stumpage price. The State of Louisiana 
has made it mandatory to report stumpage prices for all pri­
vate stumpage sales and again, the Forest Service is in a po­
sition to calculate an index. The southern pines are an impor­
tant group of commercial species. 
The measurement problem is posed by the variety of char­
acteristics identified for the product stumpage. As defined in 
the introduction, stumpage value and average stumpage price 
are more easily expressed as follows: 
vaxuG —^ 
average stumpage price (p) =2pg/]^g 
Therefore, the index can be written as: 
P 
-1 i 
SPI = WPI .--=100 (2. lb) 
i i p 
0 
Prices are expressed as; $/HBF. 
As already noted, the volume of a tree, and hence its 
value, is determined by the three variables DBH, H and f. 
Value is furthermore affected by defects. Within certain 
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limits, DBH, H and f vary, although not independently. On top 
of the physical characteristics that influence p, stumpage 
sales are conducted under a number of different contract terms 
which affect p. às well, the time of year of logging opera­
tions and the place of sale exert influence on p. Finally, 
there are the forest conditions under which trees are grown 
and harvested and the distance to markets; these are perhaps 
the greatest sources of variation in stumpage prices, as re­
ported by state agencies. To say therefore that the stumpage 
price for red oak in Wisconsin for September 1970 was $25/MBF 
is to understate the matter of the stumpage price structure 
rather considerably. This condition is by no means unique to 
timber production. Stigler and Kindahl (1970) calculated that 
one standard dimension of hot rolled carbon steel sheets, for 
which the ELS estimates price indices, could conceivably occur 
J.AA uiv/1.5? <uuGiâi uixjlxxuu p i. U U 
The problem is not necessarily simpler in timber produc­
tion- Grisez and Mendel (1972) mentioned only five thousand 
combinations of tree characteristics, but the conditions under 
which trees grow give each tree quite literally its own 
stumpage value and the number of product varieties is 
therefore the number of trees, essentially unlimited, which 
make up a timber sale. Classifying the number of trees 
th 
by DBH classes, an average stumpage price for the j sale 
should read: 
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1P n 
jk jk 
p k=1,2,... (2.2) 
i I n 
jk 
where: 
th th 
p = price of k DBH class of j sale 
jk th th 
n = number of trees of k DBH class of j sale 
ik 
Except in rather special circumstances, stumpage prices 
of individual trees are unknown. It may be seriously ques­
tioned whether it is desirable to know the value of individu­
al trees when their number is almost unlimited. But the dif­
ference in knowing the stumpage value of individual trees or 
knowing their average stumpage value is too great for either 
to be of any value. For the difference in p and p is not 
jk j 
merely a statistical abstraction. Rather, stumpage is a 
heterogeneous product and coiiid be sepacaLcu iuLo a uuiob«L of 
more homogeneous commodities. The criterion used for this 
classification is DBH. There is a high degree of correlation, 
between DBH and age of an individual tree, but because of the 
effect of site and competition, this correlation cannot be am-
ployed here. DBH, rather than age, is used to distinguish be­
tween quality classes of the product stumpage. DBH has the ad­
vantage over other variables, which determine the volume of a 
tree, in that it is readily available from pre-logging and 
timber inventories. 
37 
In its domain, DBH can vary continuously. In applica­
tion, DBH will vary between 10 and 30 inches by 2 inch inter­
vals. The introduction af DBH , k=1,2,...,11 allows a price 
k 
index to be constructed for the DBH-time domain: 
]>P 9  LES P  
-1 ijk ijk Oja -1 ik 
SPI = WPI . . .100 = HPI . .100 (2.3) 
ik i ]Ep g ]>g i P 
Oja Oja ijk Ok 
or in the domain of DBH alone: 
SPI . — (2.4) 
k iEp g ]E9 p 
ja ja jk a 
where: 
th 
p -• stumpage price of the k DBH class 
k th 
p = stumpage price of the a DBH class 
a 
From the data available (Milwaukee, 1971), the average 
DBH of the trees cut in 1970 from national forests in the 
eastern region has been determined by species and states (see 
Appendix Table R1). This is referred to in equation (2.4) as 
th _ 
the a DBH class. The average stumpage price p is then for 
the tree whose DBH - a inches» For a few species no data were 
obtained and the average DBH was assumed to be 16 inches. The 
problem then becomes one of finding; 
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IP  Q 
jk jk 
p= (2.5) 
k 
jk 
th 
since for the j sale both p and g are generally unknown. 
k k 
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CHAPTER 3 VARIABLES IN THE ESTIMATION OF SIOMPAGE PRICES 
It has been shown that the determination of the optimum 
rotation relies on volume yield functions, but that it also 
depends on stumpage prices. While yield tables are readily 
available for pure, even aged stands and are particularly ap­
plicable to plantations, stumpage price functions do not 
exist, although they have been implied by various authors 
(Duerr, 1960; Davis, 1957; Pearse, 1967) . 
3.1 Stumpage Appraisal 
There are a number of ways in which stumpage prices are 
determined, but essentially they are arrived at for a particu­
lar sale by deducting various cost categories from the selling 
price of the final product to which the timber is converted 
(Brown, 1949) : 
p = V - (1 + z)(L + H) = V - C (3.1) 
where: 
p = stumpage price/MBF 
V = Swlss valiic^ fob mi.Li./nD£ 
L = logging cost/MBF 
M = manufacturing cost/MBF 
C = (L + H) (1 + z) 
z = margin for profit and risk as a percentage of C. 
On relatively small sales, the manufacturing costs may be 
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deleted and V becomes the price of logs at some concentratian 
point in or close to the forest. In large, long term stumpage 
sale contracts, stretching over a number of years, 
depreciation on fixed costs are considered explicitly. These 
methods calculate an average stumpage price for individual 
sales. As stated before, the explicit recognition that 
stumpage prices change with age has important implications for 
forest management; the effect on the rotation age has already 
been demonstrated. 
3.2 Stumpage Prices 
Among others, the variables which influence average 
stumpage prices for a species are size of trees, stand densi­
ty, site index, accessibility, distance from markets, the com­
petitive demand for timber and the form, terms and size of the 
Scumpdye Sale. The wide range of stumpage prices quoted by 
state agencies attests to the existing variability of condi­
tions, which affect some or all of the variables in equatioa 
(3.1). The maximum price may be as much as tea times the mini­
mum of the range for some species (e.g. Peterson, 1970). 
While it is possible to isolate a number of these 
factors, practical considerations demanded the evaluation of 
the effect on stumpage prices of only a few important, readily 
identifiable characteristics. 
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Diameter at breast height, height of the tree, stand den­
sity expressed as basal area per acre or as number of trees 
per acre and site index are the mensurational variables used 
to construct yield functions. But site index and basal area 
are a function of area and while it would be possible 
eventually to estimate stumpage prices per acre again, the 
immediate objective of this study is more limited. 
Therefore, DBH, as the most easily obtainable variable in 
forest inventory sampling has been chosen as an index of in­
creasing stumpage prices; i.e. 
dp (DBH) 
= p' (DBH) > 0. 
d(DBH) 
Stumpage prices increase with DBH for the following two 
reasons: 
i: an increase in timber gualityiz 
ii: a docrcacs in harvêstiag aûù couvetsioa costs'^. 
These two causes for changes in p(DBH) are discussed below. 
All trees are considered to be used for lumber production. 
izAccording to Steinlin (1964):"Zusammenfassend laesst 
sich also feststellen, dass auch in Zukunft fuer den Saeger 
das Starke Holz wesentlich wertvoller sein wird als das 
schwache Holz und dass er dafuer dementsprechand auch mehr 
bezahlen kann". 
i^Again steinlin:" Die Abhaengigkeit der Fartigungskosten 
von den Dimension des Rundholzes ist eine Gesetzsaessigkeit, 
die in der Natur des Hohstoffes begruendet ist". 
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3.3 Quality 
Equation (3.1) showed stumpage price as a residual value, 
the difference between the lumber sales value and production 
costs per MBF. The sales value increases with DBH, since 
higher quality lumber per MBF can be obtained from larger 
trees. The increase in lumber value is measured by quality 
indices. 
3.3.1 Log_gualit%_indei 
Standard log lengths are cut from trees. Lumber sawn from 
these logs is graded by quality. Lumber grades have been 
issued by the major lumber associations for the commercially 
important timber species. They may vary between species or 
uses, as well as between states. All species have at least OV.B 
lumber grade the same, that of No. 1 Common (#1C). The lumber 
grades (GB) for yellow poplar, developed by the National 
Hardwood Lumber Association and published in Hardwood Log 
Grades for Standard Lumber (Vaughn et al., 1955) may serve as 
an example. The lumber gicides in descending order o£ quality 
are; 
FAS, SEL, SAPS, # IC, #2A, *2B, #3A, #3B. 
The higher lumber grades command higher prices per MBF. It was 
observed over time, that the price ratio's between lumber 
grades showed a fixed relationship which led Herrick (1956) to 
U3 
calculate a set of price relatives (PR) with respect to the 
price of # l c  lumber per MBF (P ) and from that to develop 
1C 
the concept of log quality index (QI). From lumber recovery 
studies, it was apparent that logs of larger dimensions, 
measured as diameter inside bark at the small end of the log 
(DIB) contained a larger volume of the higher lumber grades. 
From these observations. Her rick's concept of log quality 
index can be formulated as: 
QI =][( %GB X PR ) i=1,2,... 
i i 
Quality indices have been calculated for a number of 
eastern hardwood species, based on recovery factors and price 
relatives more current than those of Herrick (Mendel and 
Trimble, 1969; Trimble and Mendel, 1969; Mendel and Smith, 
1970). Quality indices increase with DIB, so that: 
dQI (DIB) 
= QI' (DIB) > 0 
dDIB 
The sales value of a log (VL) per MBF is the product of 
QI and the price of #lc lumber per MBF: 
VL(DIB) = QI(DIB) X P 
IC 
Log quality indices are presented by log grades, Herrick 
suggested a simple method of obtaining an average QI for all 
grades by DIB classes. It is an unweighted average. 
th 
For the m DIB class: 
QI =ZQI /i t i=number of log grades. 
m is 
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The average log quality indices have been obtained by fitting 
a second degree polynomial: 
2 
QI = b + b .DIB + b .DIB (3.2) 
m 0 1 m 2 m 
Owing to a greater incidence of defects, quality indices in­
crease at a decreasing rate for the larger dimensions. 
The next logical step for Herrick was to develop a quali­
ty index for trees. 
3.3.2 Trge_g.ualitx_index 
Trees are cut into a number of logs. The value of the 
lumber that can be sawn from a tree is made up of the value of 
the lumber obtained from each log in the tree. The relative 
value of the logs is expressed in the form of indices and an 
average tree quality index (TQI) can be developed as well. 
Mendel and Triable (1969) fsraulatsd this as follows: 
TQI = %( vol X QI ) 
i j 
th 
where: Vol = pec cent of the tree volume in j log. 
i 
From this definition, it is noted that TQI is a weighted 
average of log quality indices, i.e. 
TQI = QI (3.3) 
m 
While tree quality indices are available for a number of 
hardwood species, they have been presented by tree grades, an 
unnecessary complication for the present study and they have 
not been used. From data supplied by Herrick, the following 
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empirical formula has been calculated to relate DBH and DIB; 
DIB = 0.67DBH + 2 (3.4) 
From equations (3.2) and (3.4), equation (3.3) can be 
th 
rewritten for the k DBH class: 
2 
TQI = b + b (.67DBH + 2) + b (.67DBH + 2) (3.5) 
k 0 1 k 2 k 
2 
or in qeneral: TQI = a + a .DBH + a .DBH (3.6) 
0 1 2 
where ; 
a = b + 2b + 4b 
0  0  1 2  
a = .67b + 2.67b 
1 1 2  
a = .44b 
2 2 
Since QI'(DIB) > 0 , it follows that IQI'(DBH) > 0. 
The coefficients a , a and a of equation (3.6) are 
0 1 2 
presented in the Appendix in Tables B1 to 34 by species and 
states. The tree quality indices have been obtained separately 
and introduced into the computer model as vectors^ 
th 
The value of the tree of the k DBH class can then be calcu­
lated as: 
V = TQI K P (3.7) 
k k IC 
While the parameters b of equation (3.2) change for each 
i 
species, equation (3.4) is assumed to hold tor all species. 
3.4 Costs 
The cost of producing lumber was defined in equation 
(3.1) as; 
C  =  ( 1  +  z ) ( L  +  M )  
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Both logging (L) and milling costs (M) are influenced by a 
number of factors, although the variability of L is greater 
than that of M. This is reflected in the difference in the 
range of average stumpage prices which is larger than that Df 
log prices delivered to the mill. It has already been noted 
that the difference in the range of stumpage prices may be as 
large as ten times the minimum of the range, shile prices for 
delivered logs show in general a range where the maximum price 
is twice the minimum (Brundage and Park, 1970) . Some of the 
costs which constitute both L and M are briefly enumerated. 
3.4.1 Loagina_cgsts 
Variable logging costs per MB? are made up of the follow­
ing items: 
i: felling and bucking 
ii: skidding and loading 
iii; hauling 
iv; logging overhead. 
Fixed costs may include the following: 
i: improvement costs 
ii: depreciation 
iii: scaling. 
Logging costs are extremely variable and influenced by such 
forest conditions as size of trees, stand density, age of 
stand, height of trees, site index, accessibility, distance 
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from the mill, slope of the logging site, time of the year in 
which logging is carried out and a number of other factors. 
Furthermore, these conditions vary by species, states and 
ultimately by each logging chance. Without defining what they 
are, average conditions have been assumed for all the vari­
ables and are implied by the reported average stumpage prices. 
It is known that L is a function which decreases with increas­
ing DBH per MBF of stumpage, i.e. L'(DBH) < 0 (Hendal and 
Trimble, 1969). 
3.4.2 Milling costs 
The variable milling costs decrease with increasing DIB 
and therefore with increasing DBH (Patterson, 1971), i.e. 
M • (DBH) < 0. 
The fixed milling costs include such items as: 
i: overhead expenses 
ii: depreciation 
iii: selling and office expenses. 
3.4.3 Marain_for_£rofit_and_risk 
In equation (3.1), the margin for profit and risk is 
assumed to be the same for both milling and logging. For the 
purpose of this study, this assumption has been maintained, 
although the margin should be greater for logging than for 
milling (see Appendix E). This margin reflects, to some 
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extent, also the degree of competition for a timber sale. 
3,4.4 The cost function 
The cost function, ultimately derived, combines both the 
cost of L and M as functions of DBH, It is of the form: 
2 
C = c + c .DBH + C .DBH 
0 1 2 
and considered to be an average cost function over all condi­
tions in the four states. Although fitted as a regression 
equation, the empirical data were obtained from extrapolation 
to the year 1970 of cost data by DBH classes from the years 
1925 (Ashe, 1926), 1946 (Shames, 1946) and 1965 (Mendel and 
Trimble, 1969). The following equation was derived: 
2 
C = 133 - 4.94DBH + .076DBH , 10 < DBH < 30, (3.8) 
k k k 
for DBH > 37, the function increases, which is consistant with 
observations on the West Coast (Brown, 1949) . 
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CHAPTER 4 THE MODEL 
The model which has been developed is an extension of 
equation (3.1) by letting V and C be functions of DBH. The 
th 
stumpage price for the k DBH class has been calculated as 
follows for 10 < DBH < 30: 
p = V - C (4.1) 
k k. k 
2 
or: p = TQI Ï F - (133 - 4.94DBH + .076DBH ) 
k k 1C k k 
The model was adjusted by a factor F so that the calcula­
ted stumpage price for the average DBH coincided with the re­
ported average stumpage price for the mid-range. 
For 10 < DBH < 30, the model therefore was: 
p = V - C + F (4. 2a| 
To develop the form of the general model, let: 
a ,a ,a = coefficients of TQI 
0 1 2 
c fC ,c = coefficients of C 
0 1 2 
Ï = DBH 
then the model can be written as: 
2 2 
p  =  ( a  4 - a x 4 - a x ) P  -  ( c  +  c x  +  c x ) + F  ( 4 , 2 b )  
0 1 2 1C 0 1 2 
2 
or: p = w'+wx+wx +F, for 10 < x < 30, (4.2c) 
0 1 2 
where: 
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w« = = a P 
0 0 IC 
w : a P 
1 1 IC 
w = a P 
2 2 IC 
The lumber prices of  #1C lumber were obtained from The 
Southern Lumberman (July 1, 1970) and from The Commercial 
Bulletin (July 4, 1970). As already noted in section 3.32, the 
tree quality indices were calculated for each state and intro­
duced separately into the computer model. Since other sources 
of information were somewhat different as well for each state, 
the data had to be supplied by state. The computer model cal­
culated therefore stuopage prices by species and DBH classes 
for each state. For a few species, the model had to be changed 
slightly as well. 
The estimates of stumpage prices by DBH classes have 
actually been calculaLeu Iroiu the rollowing model, which is 
the modified equation (u,2c) : 
2 
p = w  * - w x + w x ,  1 0  <  X  <  3 0  ( 4 . 3 )  
0 1 2 
where: 
w = w* + F 
This model incorporates the adjustment factor F into the 
parameter w . 
0 
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4. 1 The Adjustment Factor 
Since Ashe (1926) dealt with one species in a limited 
area, the mixed stands of the Appalachians, he had no need for 
the adjustment factor F. All the same, he assumed average cost 
conditions. Because of the wide differences to be expected in 
the logging costs, the present model required it. The adjust­
ment factors are presented in Table A2 of the appendix. 
Assuming a correct average D8H, the existence of these factors 
indicates one of either two conditions: the tree quality 
indices are incorrect or the cost function is either too high, 
when F is negative, or too low when F is positive. The first 
condition must be largely discounted since for a few species, 
e.g. hard maple in New York and Maine, the same indices were 
used, while the F values have opposite signs. 
The problem is therefore the generalized cost function 
which is not applicable to the entire eastern region. The vary 
high positive F, indicating a cost function which is too low, 
for black walnut and white pine, can be partly explained. 
Black walnut is a valuable tree and great care is taken in 
harvesting it. Also, single trees will be harvested. Both 
reasons cause the cost to increase. In the case of white pine, 
an old cost function for white pine (Hopkins, 1959) was used. 
If the current cost function would have been used, the adjust­
ment factor would have been reduced by $43/MBF, 
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4.1.1 âff eçt_of _a veraae_s tu m£ag.e_2riçe_on_F 
The model assumes that the calculated stumpage price far 
the average DBH must be identical with the reported average 
stumpage price (p) for the mid-range; these are the important 
parameters of the model. 
From equation (4.2c) F can be written for x as: 
_2 
F = p  -  (W »  +  w  X  + w X ) (4.4) 
0 1 2 
where: x = average DBH 
Although p can change continuously, prices are generally re­
ported to the nearest dollar, k change in p by ap changes F by 
the amount AF .  
AF_  = F_ - F_  =  A  P  
P P+1 P 
As already noted befors, a char.go in p ckiages F by LUe same 
amount. 
4.1.2 Affect_gf_average_DBH_on_F 
A change in x in equation (4.4), assuming p constant, has 
a similar but more drastic effect on F. Again, x can vary con­
tinuously but is often reported to the nearest one inch class. 
The resulting change in F is: 
A f _ = F _ _  - F _  =  - ( w  +  2 w x + w )  
X x+1 X 12 2 
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This result means that F is reduced by this amount if x 
increases or increased if x decreases. From the coefficients 
of the stumpage price equations, presented in Tables Cl to 
C12, it can be be seen that this change is always far greater 
than that which results from a change in p. This implies that 
the average DBH is far more critical to the model than the av­
erage stumpage price as reported. 
4.2 Exceptions to the Basic Model 
Since for a few species no log quality indices were 
available, tree quality indices had to be developed in a dif­
ferent way. For some species in Maine, the TQI's developed for 
the same species in New York were used. 
As a general rule, there are no log quality indices for 
softwoods. Because the model developed used the concept of 
TQI, it wcis assuESu thaï: Lùe IQI - 1 for all DBH classes of 
the softwood species, except white pine. 
For black walnut iii Indiana and shite pins in Wisconsin, 
New York and Maine the lumber selling prices, i.e. TQI x P , 
1C 
had to be calculated differently than was done in the basic 
model. 
4-2.1 Black walnut 
Quality indices had to be produced for black walnut from 
lumber grade recovery figures published by King (1958) and 
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from tree grade distribution figures from Naughton (1970), who 
provided these for three site indices of which the average 
SI=70 was chosen. King's lumber grade recovery figures had to 
be extrapolated beyond 24 inches. Published lumber prices did 
not extend to #3 Common lumber. This was assumed to be 
$100/MBF. 
4.2.2 White_2ine 
The relative lumber grade yields published by Ostrander 
and Brisbin (1970a) have been averaged over the number of logs 
per tree. The Select and the five Common lumber grades have 
been weighted separately by the relative width class distribu­
tion (Ostrander and Brisbin, table 5). A fourth width class, 
12 inches and wider, was estimated from southern pine yields 
(ïandle, 1968) . The reason was a fairly large difference in 
nimher nrices between yidth class 10 ir.chcs the 12 inches 
and wider class. Average lumber prices have been extrapolated 
to include DBH class 30. 
4.2.3 Lumber_selliaa_&rice_model 
The model to obtain lumber selling prices for white pile 
and black walnut was as follows: 
V =5J(à X B )Y (4.5) 
i km i] ikl km 
where: 
V = average lumber selling price by DBH classes 
i 
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A = per cent lumber recovery by DBH, classas and lumber 
ij grades 
B = per cent lumber distribution by width class and DBH 
iki class for Select lumber 
B = per cent lumber distribution by width class and DBH 
ik2 class for the Common lumber grades 
Y = lumber selling prices by 5 lumber grades and 4 width 
km classes 
i = DBH index 
j = lumber grade index 
k = width class index 
m = price index 
1 = one of either Select or any of the Common grades 
For black walnut, the basic data was somewhat different 
than for white pine, more simple, but essentially equation 
(U.5) was used. 
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CHAPTER 5 VERIFICATION 
Some officials of the New York State Department of Envi­
ronmental Conservation question state wide averages for 
stumpage prices on the ground that natural ani market condi­
tions cause so much variation that these averages would be 
without meaning. Consistent with this view, the state agency 
presents average prices by major regions within the state. But 
if the relevance of state wide averages is questioned, how 
much more must this be the case for stumpage prices as a func­
tion of DBH. The abstraction from the problem to the DBH di­
mension must raise doubts. 
Stumpage buyers base their bids on total volume. Their 
records do not contain stumpage price equations. At best, rel­
ative magnitudes of tree sizes appropriate for the manufacture 
of certain products are noted, e.g. how much of the total 
volume is in trees above 12 inches DBH to be used in lumber 
production and how much of this can be used for veneer. Bids 
often depend on prices paid on similar timber sales. Prices 
are £oi.iued iu this way, rather than on the hypothesized rela­
tion between price and DBH, To compound the problem, there is 
no direct way of testing the results of this hypothesis, 
formulated in the model presented in Chapter four. The infor­
mation required to do so is not available. 
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The results of the model, stumpage prices by 2 inch DBH 
classes, have been presented to some of the district foresters 
or rangers, in each of the four states, most intimately asso­
ciated with the collection of the information on average 
stumpage prices used in the study. They have no objective way 
of knowing whether the results are correct. Their comments 
generally were that the prices seemed all right. For a few 
species it was their opinion that for the larger DBH classes 
prices were too high. These have been corrected by using sone-
what lower quality indices. The negative prices calculated for 
some species were accepted. Apart from New York, interest in 
the prices generated by the model seemed more prevalent than 
skepticism. Interest was expressed by some foresters in the 
average DBH used for each species, an important parameter in 
the model. This information does not appear to be available 
êlSèMuêiê. 
In Chapter eight, the results for a few species, notably 
for aspen in Wisconsin and yellow poplar in Indiana,- are com­
pared with the results of some other, related studies. The 
results are not strictly comparable. The aspen study in 
Minnesota (Noreen and Hughes, 1958) calculates the conversion 
return, a fund from which stumpage must be paid, for a number 
of log diameters. In the example of yellow poplar, the 
stumpage values of theoretical DBH distributions of even aged 
stands are calculated using the prices generated in this 
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study. At rotation age, the average stunpage value of the 
stand is well within the range of average stumpage prices re­
ported for the summer of 197 0. Neither example is offered as 
evidence of the validity of the model. But as both examples 
indicate, the results of the analytical approach can serve as 
a basis for decision making in timber buying, selling and 
timber investment. Neither Ashe (1926) nor Steinlin (195'i) 
verify their models. Ashe does not mention it and Steinlin is 
dealing more with the cost of milling as a function of DBH, 
rather than the price of stumpage. 
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CHAPTER 6 SrUMPAGE PRICES BY DBH CLASSES 
The stumpage prices are presented in Tables CI to C12 of 
the Appendix in the form of the coefficients w of aquation 
i 
(4.3) for the lower limit, the mid-range and ths upper limit 
of the range of reported average stumpage prices for the spe­
cies by state. 
It is to be noted that it is possible to obtain negative 
stumpage prices, A negative stuispage price indicates that it 
is not lucrative for the forest owner to sell his timber for 
the product lumber. Smaller trees are either left standing, 
are cut and left in the forest or sold for products other than 
lumber, mainly for pulpwood. 
It is also seen that as p changes by an amount d, as 
occurs within the range of average stumpage prices as pub­
lished, all other prices change by the amount d. This means a 
change in the factor F by the amount d. For the same DBH 
class, a change in the cost function, largely due to logging 
costs, by the amount d causes an opposite change in stumpage 
price by the same amount. While this is the result of the 
model, it is consistent with observations in the forest. Dif­
ferences in logging costs account largely for the range in 
published stumpage prices. The difference in prices between 
th 
the lower limit, the mid-range and the upper limit of the k 
EBH class is therefore constant. This means that, given one 
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price vector, the other two could have been obtained as well. 
Average stumpage prices, as reported by the public 
agencies, show a rather erratic behaviour, in contrast to that 
of most industrial prices (Stigler and Kindahl, 1970). The 
reason is to be found in the definition of the stumpage price 
as a residual value. While financial maturity models determine 
the optimum rotation age as that age «here.the marginal value 
increase eguals the interest rate, current market conditions, 
as indicated by P , rather than the cost of production often 
1C 
dictate the liquidation of the capital asset. With a change 
change in average stumpage prices comes a change in the DBH 
of the marginal tree size and a negative price does not remain 
negative in space. If the difference between the lower limit 
and the mid-range of the range of reported average stumpage 
th 
prices were d, the stumpage price of the k DBH class for 
th 
the lower limit could be obtained from the price of the k 
DBK class for the mid-range as follows: 
p = p - d (6.1) 
kl km 
where: 
th 
p = stumpage price of the k DBH class for the lower limit 
kl th 
p = stumpage price of the k DBH class for the mid-range, 
km 
This assumes that the cost function everywhere in the domain 
of DBH is shifted by the amount d. The rate of change along 
til 
the cost function remains the same for the k DBH class. 
This relation affects the stumpage price index. 
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6.1 Uses of Stumpage Prices Generated 
The absolute stumpage prices by DBH classes estimated in 
this study have a number of potential applications. Improve­
ment in understanding of how and why prices change is in 
itself a gain. The information generated can be used to the 
advantage of both buyers and sellers of stumpage. But the 
greater importance of this study lies in its contribution to 
the process of allocating limited management funds. It was 
shown in section 1.1 that purely physical rotations are deter­
mined without a price function. But it was also seen that this 
method did not obtain optimum rotations. Choices based on this 
limited information lead to a less than optimum allocation, if 
not an outright misallocation of funds. Price functions help 
to determine financial rotations and hence lead to an optimum 
allocation of resources. Its importance must be stressed for 
the major stumpage producers, particularly for the Forest 
Service. Beside the unique character of the Forest Service as 
a public stumpage producer, the spatial dimension takes on 
great significance, although the Forest Service is by no means 
the only producer facing the problem of capital allocation on 
a regional basis. 
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6.1.1 The Forest Service 
The Forest Service is not only responsible for the 
management of the National Forests, but its mandate extends 
also indirectly to state and privately owned forests through 
research and a variety of extension programmes. The Forest 
Service has divided the country, for administrative purposes, 
into a number of regions following political boundaries. Al­
though these boundaries cut across major forest types, the 
regions are more or less physiographically homogeneous. The 
problems facing the Forest Service are essentially those of 
any forest manager, but because it manages public forests, it 
is somewhat circumscribed in its actions. In the first place, 
it has to deal with some additional constraints, explicitly 
imposed on it by legislation (Alston, 1972) and which do not 
necessarily apply to private forests. Secondly, the Forest 
Service is dealing with, resources scattered throughout the 
country with its widely different environmental and economic 
conditions. Even though management is largely a local respon­
sibility, the decision making process has not been entirely 
decentralized. This second reason is not restricted to public 
forest management. This problem is also encountered by a few 
large corporations. However, the extent of the National 
Forests and the objectives that are to be satisfied in their 
administration^ make the Forest Service sufficiently unique to 
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be treated separately. 
Of the total commercial forest land in the United States 
of 509 million acres, 113 million acres are within the 
National Forest System, unevenly distributed throughout the 
country. There are about 13 million acres in the north, 14 
million acres in the south but the major part, 86 million 
acres, is in the 14 western states. The 13 million acres in 
the north represent only 7 per cent of the commercial forest 
area in the north, where 80 per cent is privately owned. About 
one third of all stumpage cut in the entire country comes from 
National Forests, although again, from widely dispersed areas 
within the system. 
It can be seen that the influence of the Forest Service 
on the stumpage market could be quite substantial in many 
areas of the country. Particularly in the west, the Forest 
Setvice can at times be in a monopoly position (Mead, 1966). 
In a period of pending scarcity of timber resources, it is 
understandable that the objectives of the Forest Service with 
respect to timber disposal are occasionally questioned or that 
the Forest Service re-examines its own mandate. 
6.1.1.1 0bjeçtives_an^2oals_of_the_F ores t^Ser vice The 
Forest Service pursues a policy of maximization of the net 
public benefit in its administration of the National Forests. 
Within this larger scope, the objective of the Forest Service 
in the production and disposal of federal timber is one of ec­
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onomic efficiency, i.e.: "to maximize the net value produced 
from the given volume of timber allocated to a specific time 
period" (Bentley, 1968). This is the same as that for any 
forest manager, public or private. In the pursuit of this ob­
jective, both face technical constraints. But to be consistent 
with the commitment to public benefit, the objective of the 
Forest Service is further constrained by a number of social 
goals. Among others, the Forest Service in the performance of 
its task is influenced by the following national objectives 
(Bentley, 1966): 
i: economic stability 
ii: price stability 
iii: equitable distribution of wealth, income and 
opportunity. 
There can be no doubt but that these goals are far from 
realized. The question that arises then is: "How are these 
goals to be advanced by the Forest Service in its timber 
management policies?". This question shall be directed mainly 
towards the problem of equitable distribution of income 
through a reduction in the rate of price increases of forest 
products. In a stumpage disposal policy, more conscious of its 
financial as well as its material opportunities, the Forest 
Service is attempting to influence the price of forest prod­
ucts, largely those of the various lumber species used in 
housing. 
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Because of the dispersed nature of the National Forests 
and the prevailing differences in growth rates, the Forest 
Service also must make comparisons in value growth rates of 
DBH classes between the various areas, the second dimension in 
stumpage pricing. It is thought that the best method of making 
these comparisons is in the form of index numbers. 
6.1.1.2 Criteria of the Forest Service The 
consumer price index (CPI) , published by the Bureau of Labor 
Statistics of the United States Department of Labor, measures 
the change over time in the cost of living of urban wage 
earners. Housing, the major consumer durable good measured 
within the CPI in 1963, was estimated to account for 33.2 pec 
cent of the cost of living (BLS, 1964), up 1.21 per cent over 
the previous decade (BLS, 1967). More specifically, 9.11 per 
cent represented purchase and financing of houses. Lumber aad 
other wood products accounted for 24.2 per cent of the 
wholesale prices in construction materials (BLS, 1967). It may 
be assumed then that the prices for lumber and other wood 
products account for approximately 2.20 per cent in the cost 
of living as measured by the CPI. A more current estimate is 
provided by Tibbits (1971) who calculated the relative impor­
tance of lumber and other wood products in the wholesale price 
index (WPI) to be 2,48 per cent in 1970. 
But the CPI is also measured over space, is other costs 
vary across the country, so do those of housing. It stands to 
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reason that in major population centres close to timber sup­
plies, lumber prices will be lover than those in cities far 
removed from the forests. If the 33.2 per cent is taken as the 
norm for urban communities, the cost of housing in 
metropolitan areas is 4 per cent above the norm. In non-
metropolitan areas, housing costs are 19 per cent lower (BLS, 
1966), This means that the relative cost of lumber in the CPI 
varies between 2.29 per cent and 1.78 per cent for urban 
centres. For Chicago, it is even as high as 2.65 per cent. 
While the differences may appear minimal, in the aggregate 
substantial amounts of money are involved. One way in which 
the Forest Service can help to achieve the national goal of a 
more equitable distribution of income is through the alloca­
tion of its resources in such a way that prices of lumber and 
other wood products are more uniform throughout the country, 
yith this goal in sir.d, the Forest Service wust know where the 
timber supplies are presently located, and ahere the supplies 
ought to be found for the production of future wood 
commodities. 
This goal is a social constraint imposed on the objective 
of the Forest Service. Therefore, the question of where the 
future supply should be, involves the evaluation of relative 
costs and benefits derived from alternative timber investment 
opportunities in each of the administrative regions of the 
Forest Service, For ahere the individual private timber 
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producer is interested in the price structure over time, the 
Forest Service is vitally concerned with pricas over time and 
space. But this last consideration applies to the few large 
private stumpage producers as well as to the Forest Service. 
6.2 Examples 
In the following examples, rather arbitrarily chosen with 
respect to species and state, the two major applications, 
mentioned in section 6.1, are demonstrated. 
6.2.1 Forest_Service_stum2aae_salei_an_examBle 
Stumpage sales by the Forest Service in the northern 
forest region do not amount to more than ten per cent of the 
stumpage sold in this area (Forest Service, 1965), but they 
provide interesting examples for the type of information 
available. Tor each sale, tLe Foresi, Servicê cdlculîtes itb 
own stumpage price by species as a residual value. Special 
forms are used in a standard appraisal procedure» Volumes, 
rather than number of trees, are recorded. But information an 
DBH distributions of trees sold in a particular sale is 
available. Often, these sales specify side payments in the 
form of silvicultural treatments or improved access, general­
ly increasing the cost of logging and thereby reducing its 
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stuopage value:*. These calculated values become a minimum 
price at which timber is advertised and put up for auction. 
It is the upset price at which bidding will start. But again, 
it is to be noted that even in this appraisal these prices do 
not reflect the opportunity cost of holding stuapage to an 
age where quality timber is produced. This becomes particu­
larly critical in the second or third forest. These are 
forests where deliberate efforts in the form of capital 
investments have been made to affect certain results. 
The following example is for red oak from a stumpage 
sale in 1970 from the Allegheny National Forest in the state 
of New York. Stumpage prices actually received are not known. 
The average sawlog stumpage prices as reported by the state 
agency in their published price report (see section 1,2), 
were $2%, $29 and $37/MBF for the lower limit, the mid range 
tlud ths uppêr 11.û»Xt of UÛC râûyê of âvêLaye âûulupagu prices 
respectively. The red oak price equation for the mid-range 
(see Appendix Table C8) is: 
2 
p = -78.1 f 7.72DBH - .097UDBH (5.2) 
The example of a frequency distribution of trees in a timber 
sale is presented in Table 2, as well as the calculated 
i+Stumpage prices from Forest Service sales are incorpo­
rated in the price reports, but they are often on the low 
side of the range of average stumpage prices (Milwaukee). For 
this reason, these prices are not considered indicative of 
the level of prices in the areas in which they occur. 
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prices using equation (6.2). 
Table 2. Stumpage appraisal by DBH classes for red oak 
Allegheny National Forest, New York 1970 
DBH price* number^ 
of trees 
k p n 
k k 
12 6 22 
14 16 34 
16 25 27 
18 3 a 18 
20 42 16 
22 50 5 
24 56 2 
26 62 3 
28 67 4 
30 71 2 
In = 133 
k 
iFrom equation (6.2). 
zprom Milwaukee (1971). 
The average price is calculated as follows: 
I N  - P  
k k 
^ ' t""" 
k 
For this sxaaple, the average ptice «as $27/n5F, $2 
below the average price of the mid-range. If the stumpage 
price equation for the lower limit of the price range had 
been used (see Appendix Table C7), the average stumpage price 
would have been $22. This price is low, but by no means nega­
tive. Even a ten inch tree would still have a positive price. 
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about $0.50/MBF. If the equation for the upper limit were 
used (Appendix Table C9), the price would have been $35/MBF. 
It is to be noted that this example has no trees of DBH = 10 
inches. This is often considered a marginal or submarginal 
treeis. 
The example raises the question of choice between the 
three estimated stumpage price functions. They rely on the 
three given prices. The average price assumes average condi­
tions. The limits themselves are averages and apply to condi­
tions more restrictive than that of the entire range. If the 
conditions, for which appraisals or comparisons are made, are 
known a basis for choice exists. The choice of the price 
function for the lower limit of the range seems most appro­
priate in the example cited. 
6.2.2 Determination_of _rota tion_ag[ei_an_exaigls 
The example above shows the use of stumpage price func­
tions in an appraisal situation. The more important applica­
tion of absolute stumpage prices by DBH classes, however, is 
to be found in the determination of the optimum rotation 
length. This is demonstrated below for a species occurring in 
Indiana. For the chDice of the rotation length governs the 
isH.D.Bennett, Executive 
Hardwood Kanufactucers, Inc. 
tion. 
Vice President, Appalachian 
, June 1971. Private communica-
7 1  
Late of L&turn on the investment of limited funds and the 
distribution of funds on a regional basis will be towards 
those areas where this rate is a maximum. 
Besides the price functions p(D), where D = DBH, gener­
ated in this study, the example below uses theoretical DBH 
distributions as functions of age, f(D,t), estimated by McGee 
and Della-Bianca (1967) to derive: 
p(t) =][f(D,t)p(D) (5.3) 
Using the yield estimates q(t) for a specific site index from 
Beck and Della-Bianca (1970) , the value growth function: 
v(t) = g(t)2f (D,t)p(D) (6.U) 
is obtained, which, when discounted yields the revenue func­
tion: 
-rt 
R(t) = v(t)e 
or equation (1.4): 
-rt 
The effect of increasing stumpage prices on the rotation age 
is illustrated as well as changes in the interest rate. 
The species is naturally grown yelloa poplar on site 
index 100 and stand density of 100 trees per acre throughout 
the entire rotation. The following yield function, giving 
volume in KBF, was derived from data presented by Beck, and 
Delia Bianca: 
2 
g = -4.47 + . 131t + . 33519t (6.5) 
Three equations, showing price as a function o f  DBH for 
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yellow poplar, can be developed (see Appendix Tables CI, C2 
and C3 respectively) ; 
2 
p = -137.0 + 12.21DBH - . 1707DBH for the lower limit 
2 
p = -122.0 + 12.21DBH - . 1707DBH for the mid-range 
2 
p = -112.0 + 12.21DBH - .1707DBH for the upper limit 
From these equations and the DBH distributions by HcGee and 
Delld-Bianca, the following three price functions are ob­
tained, showing stum page price as a function of age (see 
equation (6.3)): 
p = -40.66 + .7861t for the lower limit (6.6a) 
p = -25,66 + .7861t for the mid-range (6.6b) 
p = -15.66 + ,7861t for the upper limit (6.6c| 
It is to be noted that the difference in prica levels of p(t) 
is the same as that of p(DBH). The significant point is that 
since the slope of the function is constant, its level can be 
adjusted to suit any particular management situation, a 
choice similar to that of p(DBH). It can be used to determine 
hotf sensitive the choice of rotation length is to differences 
in estimated stumpage prices. 
The effect on the optimum rotation age of g(t), p(t) and 
r in equation (1.4) is presented in Table 3 for the three 
price levels of equations (6.6). In column 2 only q(t) is 
considered, using a constant price, i.e. an application of 
equation (1.2); in column 3 only p(t) is considered, but this 
is not a normal procedure for it assumes no increase in 
73 
Table 3. Optimum rotation ages for three interest rates, 
three assumptions regarding p(t) and g (t) 
and three levels of p (t) . 
r g(t) p(t) q(t),p(t) 
(1) (2) (3) (4) 
for the lower limit of the range of average prices 
.10 31 62 66 
.05 45 72 88 
.03 67 85 100+ 
for the middle of the range of average prices 
.10 51 43 51 
,05 45 53 75 
=03 57 56 100+ 
for the upper limit of the range of average prices 
. 10 3 1 30 42 
.05 45 40 68 
.03 67 53 100+ 
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volume. Foc the determination of financial rotation ages, 
only column 4 is relevant where both g(t) and p(t) are used 
in order to comply with equation (1.4). 
The effect of changes in the interest rate at which 
future values are discounted, demonstrated in Table 3, sup­
ports the well known conclusion that high interest rates lead 
to short rotations. This is true even if rotations were based 
on physical criteria alone, as shown in column 2. Physical 
rotations are not affected by the level of prices, a conclu­
sion reached with equation (1.3) of Chapter one. 
Apart then from the effect of the interest rate, two im­
portant conclusions can be drawn from these results. It is 
seen that the difference in the optimum rotation age deter­
mined by considering a constant average stumpage price or one 
which increases with age can be quite large. 
In the absence of pfr . )  functions, such as the aquations 
(6.6), funds are invested under less than optimum conditions. 
The effect of price changes with increasing size and 
therefore with age has been recognized but is neglected in 
financial maturity models. The information did not exist. 
Consideration then of p(t) leads to correct choices in rota­
tion lengths. If the choice in investment were now between 
conditions represented by the three price functions in column 
4 of Table 3, for which the volume functions q(t) are identi­
cal, what Hould be the correct choice? For a given interest 
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rate and their respective price levels dictated by their own, 
unspecified conditions, the obvious choice is the shortest 
rotation, i.e. 42 years for the upper level of the range of 
average stuopage prices. The greatest return on investments, 
the criterion for limited funds, is obtained from short rota­
tions. 
The second conclusion concerns the effect of the level 
of the price functions. From column 3, in Table 3, for which 
only the function p(t) has been discounted, it is seen that 
the level of the function has drastic effects on the rotation 
length; it is more than doubled over the reported range of 
prices. The effect is considerably reduced by the proper pro­
cedure of discounting q(t) as well as p (t) , as seen in colunn 
4. It appears that higher stumpage prices result in shorter 
rotations, a common observation in practice. 
incthcr obscrvaticr. on pries levels coricerns the rate at 
which rotation lengths change. From equations (6.6). it is 
noted that the difference in price levels between the func­
tion for the lower limit and the middle of the range is 
$15/MBF. This results in a 15 year difference between optimum 
rotation ages. A similar reduction is seen between the other 
part of the range. For this species then, a change of $1/MBF 
in reported stumpage prices leads to a change of one year in 
rotation length. This is not to suggest that similar reduc­
tions are in effect for other species. These differences have 
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important implications for forest management and 
silvicultural decisions, even if strict adharance to the the­
oretical model were tempered by other objectives. In regional 
allocation of budgets, investments are made in the first 
place under conditions of short rotations where the rate of 
return on investment is high. Even when opportunities to 
invest in the high stumpage price areas or for the high 
priced species are exhausted, will investments continue to be 
made under optimal conditions but at lower rates of return. 
Stumpage price functions are an aid in the ranking of the al­
ternatives open to management, according to their optimum 
rates of return. 
6,3 The Aspen Case 
A rare instance of verification of some results of the 
ECdei is provided for acpcn ia n'iGccnsia in a study by noreen 
and Hughes (1968) in Minnesota. They compared the conversion 
returni* of aspen for various end uses for the range of log 
diameters from 8 to 15 inches; when equation (3.4) is used. 
iGConversion return (CB) is the amount of money available 
in the stumpage appraisal to be divided into stumpage (S) for 
the timber owner and the margin for profit and risk (M). 
Common business ratio's in which this division is calculated 
are the operating ratio (OR) , the ratio of costs (C) and 
stumpage (S) to the selling value of the product and the 
profit ratio (PR), the ratio of margin for profit and risk to 
all costs, inclusive of stumpage. 
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this corresponds to a range of DBH from 10 to 20 inches. The 
conversion return is calculated at the mill site. When the 
average hauling cost of $20/MBF (Peterson, 1970) is deducted 
from this and all values are calculated per MBF, tha relevant 
values of Noreen and Hughes become those in Table 4, where 
the stum page values used are those for the middle of the 
range obtained from Table C5 of the Appendix. 
Table 4. Calculation of operating and business 
ratio's for graded aspen lumber. 
DBH lumber * 
value 
CostiCR SZ M OR PR 
10 71 63 8 5 3 .96 .04 
12 74 52 22 15 7 .91 .10 
14 77 47 30 22 8 .90 .12 
16 81 44 37 30 7 .91 .09 
18 86 41 45 36 9 .90 .12 
20 92 39 53 42 1 1 .88 .14 
1Noreen and Hughes {1958} 
zTable C5 of Appendix. 
The values of the business ratio's oa and PR are in the 
range of expected values (Davis, 1966; Forbes, 1961) . Fur­
thermore, it is shown that the operating ratio decreases and 
the profit ratio increases with increasing DBH, This result 
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is to be expected when all other values change with changing 
DBH. 
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CHAPTER 7 THE STUMPAGE PRICE INDEX 
The stumpage price index to be estimated, was presented 
t h 
in equation (2.4) for the k DBH class as: 
P  
k 
SPI = — (7. 1) 
k p 
a 
Estimates of p have been calculated by the model, equation 
k 
(4.3), rather than from its definition as equation (2.5); 
k 29 
ik 
th 
Specifically, the price of the a DBH class should have bean 
estimated as follows: 
1 P  G  
ja ja 
a 2g 
]a 
instead, it has been obtained from published sources, where 
it was calculated as: 
s. 
] ] 
a 2 g 
i 
The index, as calculated, is therefore equation (7.1). 
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It should be noted that, because negative stumpage 
prices are possible for the smaller DBH classes, the index 
can be negative as well. 
7.1 The Index in Space 
As any index, the stumpage price index measures a rate 
of change. It is a discrete rate of change in the stumpage 
th 
price of a tree of the k DBH class with respect to the 
stumpage price of a tree whose DBH = a inches. The average 
reported price p differs considerably from place to place as 
indicated by the range of average reported stuapage prices. 
Let d be the difference between p and p , then the index 
th km kl 
of the k DBH class for the lower limit of the range can be 
written as: 
p p - d 
kl km 
S P I  =  (7 .2 )  
k l  P p  — u  
al am 
The implication is that, given one vector of price 
indices by DBH classes, e.g. the index for the mid-range, the 
indices by DBH classes for the lower limit, as well as for 
the upper liait of the raage of repoited stuœpage prices can 
be estimated as well. 
For p = p - d, the rate of increase, as indicated by 
kl km 
the stumpage price index, is higher than for p . For 
km 
p = p + d, the rate of change is lower. Again, this is 
ku km 
consistent with the concept of the index, as well as with 
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findings elsewhere. Again, the index numbers, calculated 
from equation (7.2) by DBH classes, are presantad in Tables 
Dl to D12 of the appendix in the form of the coefficients v 
i 
of the equation: 
2 
SPI = V • v x  +  v x ,  10 < X  < 30 (7.3) 
0 1 2 
for the lower limit, the mid-range and the upper limit of the 
range of reported average stumpage prices by species and 
states. 
7.2 The Index in the Domain of DBH 
As noted, the SPI changes in space. As well, it changes 
k 
with DBH where it measures the relative rate of change in the 
th 
stumpage price of the k DBH class. Since DBH changes with 
age (t), the index could be written as: 
P P (DBH ) p (t) 
k k k k 
SPI — — = — — — = p (t) (7.4) 
k p p (DBH ) p (t) 
a a a a 
th 
or the price of the k DBH class is: 
p = p .SPI = p . p(t) (7.5) 
k. a k a 
Equations (7.4) and (7.5) show stumpage prices explicit­
ly as a function of age, a precondition for the revenue func­
tion (1.3). Although the time element is introduced, the 
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index does not need to be deflated by the HPI, for both p 
k 
and p are measured at the same time. 
a 
Unfortunately, the relationship between DBH and t is 
complex. While isolated trees may behave fairly predictably, 
in competition with others, even-aged trees show a wide dis­
tribution of DBH classes. DBH distributions by age classes 
are presented for the major forest types in the form of stand 
tables, since diameter distributions are rarely normal, sev­
eral continuous frequency distributions, such as the Charliar 
and Pearson curves, have been fitted in the past to describe 
the stand structure of even aged stands, but the parameters 
of these distributions were consistently more closely related 
to the average DBH than to age (Gingrich, 1967). More 
recently, this problem has been overcome by fitting a more 
flexible distribution. Clutter and Bennett (1965) have esti­
mated the distribirticn of trees by one inch DBH classes as a 
function of age, site index and the number of trees by fit­
ting a beta distribution to their experimental data of slash 
pine plantations. Following Clutter and Bennett, HcGee and 
Della-Bianca (1967) have applied a similar function to natu­
ral yellow poplar stands. 
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CHAPTER 8 PURPOSE OF THE SIOMPAGE PRICE INDICES 
The stumpage price index equations, developed in chapter 
seven, are functions of DBH and not of age. Largely, the 
indices are for comparative purposes and in existing forest 
stands their use is precisely that. For a given average 
stumpage price, they indicate the relative prices for the DBH 
classes of each species with respect to the stumpage price of 
the tree of average DBH. Frois Table A1 of the Appendix, it is 
seen that for the hardwood species in the eastern forest 
region, the average DBH of trees harvested is about 16 
inches. The indices therefore indicate the stumpage value per 
unit of volume for any DBH class relative to the average re­
ported stumpage price for DBH = 16 in the area. If this aver­
age stumpage price for a specific area happens to be differ­
ent from the average stumpage prices for the lower limit, the 
mid-range or the upper liait used in this stuiy, the differ­
ence can be used to adjust the stumpage price equation and 
therefore the index equation. As long as the opportunity cost 
o£ liOldifiy tàé tiiabet to the next DBH class is neglected, far 
example, when strictly technical rotations are pursued, the 
comparison shows to what size a tree should be held for it to 
increase a certain amount in value per unit of volume. The 
evidence supports the conclusion that a large tree is more 
valuable than a small tree for reasons other than strictly 
8a 
increasing volume. 
But beyond this simple type of comparison stands a 
larger objective; it is the determination of the rate at 
which stuopage prices per HBF increase by DBH classes. This 
allows comparisons to be made with other management alterna­
tives. Among others, the following comparisons in value 
growth rates, by DBH classes, could be made between 
i: the same species in different localities, 
ii: different species in the same locality, 
iii; different species in different localities, 
iv: same species, same locality for different price levels, 
etc. 
It must be emphasized that these comparisons are between DBH 
classes. A similar list could be compiled also for value 
growth rate comparisons between age classes. The deaonstra-
section 6.22 can be cited as an example of a comparison be­
tween different value growth rates of the same species in 
different localities. 
The indices show that the rate of value growth in 
stumpage prices is greater for low average prices than for 
high prices. This is illustrated by the example of aspen in 
the state of Wisconsin for the lower limit, the middle and 
the upper limit of the range of average stumpage prices, 
which were respectively $10, SIS and $25/HBF= The index egua-
85 
tions are (see Appendix Tables D4, D5 and D6) : 
2 
SPI = -5.50 + .6552DBH - .00987DBH for tha lower limit 
2 
SPI = -2.96 + .39U0DBH - .00549DBH for tha mid-range 
2 
SPI = -1.49 + .2U91DBH - .00362DBH for tha upper limit 
The actual indices are tabulated in Table 5 by two inch DBH 
cla sses. 
Table 5. Stumpage price indices for aspen, Wisconsin 
by two inch DBH classes 
lower mid upper 
DBH limit range limit 
10 0.07 0.43 0.64 
12 0.94 0.98 0.98 
14 1.74 1.48 1.29 
16 2.46 1.94 1.57 
18 3.10 2.35 1.82 
20 3.66 2.72 2.04 
22 4.14 3.05 2.24 
/u i. 33 2, '! C 
26 4.86 3.57 2.54 
28 5.11 3.77 2.65 
30 5,27 3.92 2.73 
since stumpage prices are averaged over all possible 
conditions of site, productivity, vigour and quality of 
trees, the differences in the range of average stumpage 
prices for a given DBH reflect largely differences in 
accessibility and distances to markets. If land prices were 
to vary in the same proportion as the average stumpage 
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prices, any investment in forest land for timber production 
would be appropriate in the high value increment areas, where 
the absolute stumpage prices are lowest. On the other hand, 
if land prices were the same, regardless of accessibility, 
investment in timber management alternatives, designed to in­
crease profitability, would be directed towards the high 
stumpage price areas, where the rate of value increase is 
lowest. It can be seen then that the solutions are somewhat 
tentative and that possibly other information is required. 
8.1 Use of the Indices by the Forest Service 
In the following example of red oak, a comparison is 
made between the state of New York and the state of Maine. If 
the Forest Service were interested in increasing the stumpage 
supply and thus prevent both stumpage and lumber prices froa 
the indices provide the Forest Service with a conclusive 
answer? 
Together sith other oak species, red oak is an important 
commercial hardwood species in the New England states, 
Boston, conveniently situated between New York and Maine, is 
the major lumber exchange in this area. It is to be noted 
that for this species the Boston price of #1C lumber and the 
tree quality indices (see Tables B2 and B3 of the Appendix) 
Here common to Neu York and Maine, so that ths value of the 
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product, obtained from equation (3.7), was equal for both 
states. The average DBH, 17 inches, was also the same for 
both states. The average reported stumpage prices during the 
summer of 1970 for the middle of the range of average 
stumpage prices, were $29/MBF in New York and $22/MBF in 
Maine. The stumpage price index equations, presented in 
Tables D8 and D11 of the Appendix, are as follows: 
2 
New York: SPI = -2.00 + .2068DBH - .00185DBH 
2 
Maine: SPI = -3.26 * .3067DBH - .00331DBH 
or in general: 
2 
SPI = b +b DBH + b DBH 
Oj 1j 2j 
where: ]=1,2 for New York and Maine respectively. 
That the average stumpage price is lower in Maine than 
ia lic'm York is iuuicated by the fact that b < b . However, 
0 2  0 1  
the rate of value increase in Maine is greater than in New 
York; ie: b > b , but it deteriorates faster in Maine: 
1 2  1 1  
lb 1 > Jb J. The last two conclusions are supported by the 
2 2  2 1  
actual indices and the rate of change (r) in the indices. 
presented in Table 6 (see page 94). The rates of change have 
been calculated as: 
r = (SPI - SPI )/2, j = 1,2 
jk j,k+1 j,k-1 
As has been noted before, these values are strictly the 
result of the model, but there is good reason to accept then. 
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Table 6. Bed oak stumpage price indices and growth rates 
New York and Maine: a comparison 
DBH New York Maine New York Maine 
indices growth rates 
10 -0. 13 -0. 52 
12 0.20 -0.06 0.32 0. 45 
0.51 0. 39 0.30 0.43 
16 0.81 0. 80 0.29 0.40 
18 1.09 1. 19 0.27 0.38 
20 1. 36 1.55 0.26 0.35 
22 1.61 1. 88 0.24 0.32 
24 1.84 2. 19 0.23 0.30 
26 2.06 2. 48 0, 21 0 = 27 
28 2. 26 2. 73 0.20 0. 25 
30 2.45 2.96 
Red oak reaches a maximum DBH of about 3 feet, but is almost 
at its northern limit in Maine (Harlow and Harrar, 1958). 
Here, its growth will be slower and at maturity, when a DBH 
of 30 inches might have been reached, deterioration has 
started. At merchantable sizes, its value increases more rap­
idly with size, not with age. It produces timber with a dis­
advantage by virtue of its location in Maine, rather than in 
New York. By definition of the stumpage price, equation 
(3^1). conversion costs are higher in Mains than in Ksw York. 
The evidence of this comparison is inconclusive so far. 
The comparison would have to be carried further by 
calculating the optimum rotation ages for red oak in both 
states. While the rate of value growth is greater in Maine 
than in New York, it is by no means certain that this compar­
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ative advantage can offset the handicap of a lower average 
stumpage price. If all other conditions were similar, the 
optimum rotation age would be longer in Maine. To achieve a 
stumpage price of $50/MBF, red oak will have to be grown in 
Maine to DBH = 26 inches and only to 22 inches in New York. 
Apart then from the failure of the indices to be a func­
tion of age rather than of DBH, the conclusion is that 
stumpage producers need to concentrate on the high stumpage 
price areas, with their attendant low rates of value growth, 
ie: in New York rather than in Maine, on accessible rather 
than inaccessible areas, on sites where the upper limits of 
the range of average stumpage prices are applicable rather 
than there where the average stumpage prices are low, on goDd 
sites rather than on poor sites or on vigorous trees rather 
than on slow growing ones. By producing in the high stumpage 
price areas, the Forest, service or other zajcr stuspage 
producers are in a better position to influence the supply of 
stumpage than in a low stumpage price area. If the need 
arose, the Forest Service could keep stumpage prices and 
therefore lumber prices down, by increasing the supply of 
stumpage. The Forest Service has objectives other than profit 
maximization in stumpage production. 
The average single dwelling needed about one thousand 
board feet of lumber for finished flooring (Forest Service, 
195<4: 38%) in 19 70. The lumber price of red oak in the summer 
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of 1970 ia Boston was $117/HBF, fob lumber yard. By the time 
the lumber had been finished as flooring boards, it may have 
reached $200/MBF delivered to the building site. Again, it is 
not very much per house, but the principle applies to all 
lumber used in house construction, approximately ten thousand 
board feet. To prevent an increase of ten per cent in the 
price of lumber is to save a feu hundred dollars in the price 
of a house. The Forest Service hopes to achieve this by a 
better informed choice in its forest management alternatives. 
8.2 Other Studies 
The Forest Service has investigated the problem of 
bettor estimates of future stumpage values for a number of 
important hardwood species in the eastern forest region 
(Mendel and Trimble, 1969; Trimble and Mendel, 1969; Grisez 
and Kendsl, 1972; Kcndcl, Grisas aad Trimble, 1973). BuL 
rather than estimate stumpage prices, these studies 
concentrate on estimates of conversion returns and thus avoid 
the problem of how to divide this into a portion for stumpage 
and for a margin for profit and risk. Their rates of value 
increase (r) are estimated from the compound interest formu­
la: 
n 1/n 
(1 + r) = V /V , or: r = (V /V ) - 1 
n 0 n 0 
where: r = the rate of interest 
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n = time period (10 years) 
V = expected future value of tree 
Q 
V = initial value of tree. 
0 
The time period is restricted in all cases to 10 years, for 
beyond a decade, estimates in diameter growth become 
questionable. 
In order to estimate it over a period of 10 years, tree 
growth was stratified by three criteria: site quality, vigor 
and initial size of tree. The result is a very thorough and 
detailed set of estimated values of conversion returns and 
their rates of growth over the next decade. As an example, 
there are 155 different estimates for the 10 year value 
growth rate for hard maple in Pennsylvania and West Virginia 
with DBH = 16 inches and as many different estimates of con­
version returns (Mendel, Grisez and Trimble, 1973). This in­
creases to 270 estimates for larger DBH classes. These many 
different estimates arise from the assumptions, made in their 
model, about prices, costs, vigour of the tree, expected 
height increases and initial height. 
ill tiie pi.eawiit tocuuj, av«râyê iia»c uccu 
assumed for all these variables and only average stumpage 
price is allowed its three levels. This number can be in­
creased indefinitely for all possible values between or 
beyond the range of average stumpage prices. 
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The results of the present study and those of the Forest 
Service studies are not strictly comparable. The present 
study presents stumpage prices per MBF by DBH classes for all 
major species in the region. The growth rates presented in 
Table 6 demonstrate the rate of value increase between DBH 
classes regardless of the time interval involved. On the 
other hand, the Forest Service studies present, for specific 
species or species group, conversion returns per tree by DBH 
classes and their increase in value over a ten year period. 
These estimates are for three levels of conversion costs but 
depend for the rest entirely on strict specifications of 
physical properties of individual trees. These differences in 
definition account largely for the discrepancies between the 
growth rates of the two sets of results. In order to make 
them comparable, the results of the Forest Service studies 
neèu to coiivetted to values per MBr and then a deduction 
made for a profit and risk margin. 
Other comparisons reveal some basic agrssmsats in the 
results of the Forest Service studies and those of the 
present study. 
i: both sets recognize the possibility of present and future 
negative prices, although the Forest Service studies 
do not list them; 
ii; the range of prices for DBH classes overlap; 
iii: both sets present the results in absolute as well as in 
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relative terms; 
iv; the rates of value increase show the greatest increase 
for those trees whose present value is the lowest. 
But the differences remain formidable, largely because 
the comparisons are between dissimilar quantities: conversion 
return against stunpage prie, values per tree against value 
per MBF. 
Another difference lies in their use. The Forest Service 
estimates apply to management decisions for the next decade. 
The purpose of the price functions generated in this study is 
that they serve as an aid in the decisions affecting alterna­
tive management options. The Forest Service estimates are 
useful for the determination of financial maturity of exis­
ting, individual trees. The estimates of the present study 
are useful for the determination of planned technical rota-
ti-OuS for fûCêôL si.àuuâ às • éxl às fuL individual trees, f ur­
thermore, the present results are useful to determine 
financial rotations «here DBH distributions are available. 
9 4  
CH&PTEa 9 CONCLUSIONS 
9.1 Discussion of Results 
In this study, stumpage prices have been calculated by 
DBH classes, decidedly an improvement over the current 
methods which have estimated or presented stumpage prices 
implicitly averaged over DBH classes. Since the spatial esti­
mates still apply to large political or physiographic areas 
and the estimated stumpage price equations are limited by the 
assumptions implied in the model, emphasis has been placed on 
a general methodology without, hosever, neglecting the exten­
sive, actual results. By presenting the results in the form 
of equations, the estimates of stumpage prices and price 
indices are made continuous so that the model is not limited 
to integer valuss of DBH. Particularly in the case of average 
DBH, the most critical parameter of a species, this is impor­
tant, for it may well be recorded as a fraction of an inch» 
The model does rely on the published stumpage prices and 
their method of collection and format hardly needs to be 
changed. 
The model that has been developed, is flexible. A cost 
function, other than equation (3.8), could have been insert­
ed, specifically applicable to a particular locality or spe­
cies, Average stumpage prices, inside or outside the range of 
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reported average stumpage prices can be used. Changes in the 
price of #1C lumber are easily accommodated. The model is 
also applicable to those species, largely softwoods, for 
which no tree quality indices are available, by assuming that 
TQI = 1. 
The stumpage price indices, developed for comparative 
purposes, depend entirely on the stumpage price equations. 
Therefore, it is imperative that the stumpage price equations 
be calculated correctly. Thus, it is necessary to discuss the 
assumptions of the model and to point out some limitations. 
9.1.1 Validiti_of_assumEtions 
One of the assumptions implied in the model developed 
for this study is that the range of reported stumpage prices 
adequately presents the price conditions within given bounda-
r j-cS. Tug ûiOuêl ïûâkcS êÂCèuàxVc Uàtî Ut tadKK CBpOCtSÛ pcic6S « 
But the question asked should not be whether an average re­
ported stumpage price is representative of an entire state, 
for, within a range of prices, one reported price must be 
representative of one set of conditions aithin limits more 
narrow than those of the entire state. Rather, the question 
is whether any reported price is representative of more than 
its own specific set of conditions. While in the final analy­
sis every tree has its own unique price, it is assumed that 
differences between prices of individual trees are suffi-
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ciently small for reported stumpage prices to be characteris­
tic for a large number of trees. 
The other major assumption of the model is that one cost 
function could be used to estimate conversion costs for 
widely varying conditions and that, as a result, absolute 
cost differences between DBH classes are the same for all 
species. The use of one cost function for the entire eastern 
forest region, which includes such diverse conditions as 
those of the New England and midwestern states, exacted a 
price in the form of an adjustment factor built into the 
model. The farther removed from the origin of the cost func­
tion, the Appalachian region, the larger the discrepancy. But 
even if each species had its own conversion cost function, it 
would still be questionable whether this would be adequate to 
cover geographic differences. Ultimately, the proof of the 
pûuuiiiy ia iu the eating, i.e. hoy well does the model pre­
dict the phenomena for which it was designed, regardless of 
the assumptions mads in the model. 
9.1.2 Limitations of the model 
Owing to some limitations, the model is not entirely ap­
plicable for all conditions in the eastern forest region. la 
the first place, the model is restricted to sawlog produc­
tion. The other tno major products, pulpwood and veneer logs, 
have been all but ignored. Their influence on the stumpage 
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price formation for sawlogs is largely felt on the limits of 
the range of OBH classes considered in this study. No atten­
tion has been paid to log rules. The stuopage prices in Maine 
are based on the 1/4 inch International log rule, the most 
accurate estimate of sawlog volumes in the four states. New 
York and Indiana use the Doyle rule and in Wisconsin the 
Scribner rule is used. Both the Doyle and Scribner rules un­
derestimate the volume of trees, compared to those obtained 
from the International rule. For example, in studies for Lake 
State species (Forbes, 1961) , the estimated sawlog volumes 
obtained by the Doyle rule increase from 39 per cent for DBH 
= 10 inches to 91 per cent for DBH = 30. The corresponding 
estimated volumes obtained by the Scribner rule are 77 per 
cent and 95 per cent. Theoretically, the effect of a conver­
sion to the 1/4 inch International log rule would have been a 
dscrsase iû 'cùé avec aye reported stumpage prices tor New 
Yorkj Wisconsin and Indiana. However, as long as the same log 
rule is used yithin a state, decisions based on these esti­
mates are valid. & difficulty arises when comparisons between 
states, with different log rules, are made, because differen­
tial volume increases result in different predicted values. 
Secondly, the tree quality indices have been calculated 
for average quality trees from average quality logs. In 
practice, logs are graded and so, sonetioss, are trees. And 
so, the model could, in theory, be extended to include anoth-
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et dimension, that of tree grade. 
Another limiting assumption has been the relationship 
between log DIB and DBH. A single formula, equation (3.4), 
has been used for all species, rather than an equation for 
each species or group of species. 
Owing to the nature and method of existing stumpage 
price reporting, the model was limited to the political or 
physiographic areas for which the stumpage price reports are 
valid. On the other hand, it should be pointed out, that 
within these boundaries the model is entirely applicable, 
provided the correct variables are supplied to the model. The 
smaller the area for which a stumpage price equation is ob­
tained, the smaller the adjustment factor, built into the 
model, becomes, until it can be eliminated all together 
ultimately. 
Ihe sample size of the reported stumpage prices is 
unknown. In Indiana, the prices of the report are obtained 
frooi a mailed survey to: "the primary woou-using industries" 
{Brundage and Park, 1970). The number of responses varies 
considerably between surveys and may range from about 20 re­
sponses to several hundreds. In other cases, it is a 
cooperative effort of stumpage producers, dealers and mills 
as well as forest district rangers. The soarces quoted in 
this study are therefore a misture of both seller's and 
buyer's prices. 
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In contrast, the BLS uses for the wholesale price 
indices very small samples. The average is about three corre­
spondents per commodity (Stigler and Kindahl, 1970). Also, 
the BLS reports strictly seller's prices. This procedure is 
critized by Stigler and Kindahl on the ground that it does 
not take into consideration discounts, terms of trade and 
other concessions. In turn, their study has concentrated on 
buyer's prices from larger samples. The stumpage market is 
not very sophisticated, but to an undefinable degree both 
shortcomings of the BLS wholesale prices seem to have been 
overcome by the existing method of average stumpage price re­
porting. 
9.2 Further Research 
The results of the present study are useful for a more 
precise calculation of stumpage prices as well as for the de­
termination of technical rotations when DBH distributions are 
knoan. Sut for these results to fulfill their promise as an 
accepted tool in the evaluation of alternative management 
options using equation (1.4), i.e. 
-rt 
B(t) = g (t) p (t) e 
it becomes necessary to relate stumpage prices to time as 
well as to DBH. The example of yellow poplar (see equations 
(6.6)) is but one demonstration of the validity of aquation 
(I.U). Even that example rested on the assumption that the 
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number of trees par acre remain constant over the entire ro­
tation. Research should, therefore, become extended to devel­
op equations relating DBH to time and to combine these with 
the equations developed in this study in order to arrive at: 
p(t) = p(DBH(t)) 
As already indicated in chapter seven, use of the beta dis­
tribution seems to hold promising possibilities. 
The other remaining problem is how to test the accuracy 
of the stumpage prices estimated in this study. While for 
several species it has been possible to compare the results 
with estimates of results in other studies, this does not 
provide a test of the results. Since at present stumpage is 
not sold on the basis of volume by DBH classes, new proce­
dures must be developed for the verification of the results. 
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Table Al. Estimates of average DBH of trees cut ia 1970 
sawlog stumpage sales from national forests* 
species Indiana Wisconsin New York Maine 
inches 
black walnut 16 
Cottonwood 20 
yellow poplar 17 
black oak 17 
white oak 17 15 
red oak 16 14 17 17 
hickory 16 
hard maple 16 17 15 15 
soft maple 18 17 15 
white ash 16 15 
beech 18 17 14 
aspen 12 
elm 16 17 
yellow birch 17 15 
paper birch 12 12 
basswood 17 17 
jack pine 12 
white pine 16 16 16 
hemlock 15 18 17 
spruce 15 14 
balsam fir 14 
cedar 12 
lUSDA Forest Service. Hilwau kee (1971) . 
= = = = = =  
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Table A2. Adjustment factors 
species Indiana Wisconsin New York Maine 
dollars 
black walnut 223.39 
Cottonwood 8.16 
yellow poplar 12.88 
black oak -9.6 2 
white oak -3.12 -33.16 
red oak 3.44 -19.91 -10.03 -3.03 
hickory 1.64 
hard maple -0.04 -26.37 -6.96 20.04 
soft maple 41.47 -21. 12 -6.41 
white ash 43.64 1.09 
beech 5.73 6.58 -8.91 
aspen -13. 19 
elm -16.36 13.28 
yellow birch 3.13 5.59 
paper birch -38.46 0.24 
basswood 10.42 11.88 
jack pine -1'4. 86 
white pine 98.68 106.68 103.68 
hemlock 
-11. 16 13.17 9.88 
spruce 
-10. 16 -9.91 
balsam fir 
-10.16 -7.91 
cedar 4.14 
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Table B1. Tree quality index equations 
Indiana 
coefficients 
species a a a 
0 1 2 
black oak .2093 .0251 -.000204 
red oak . 1800 .0402 -.000455 
white oak .1096 .0404 -.000443 
hard maple .0129 .0478 -.000452 
soft maple -.0298 .0547 -.000659 
Cottonwood .1506 .0369 -.000574 
yellow poplar .1296 .0437 -.000577 
beech .1110 .0419 -.000565 
hickory .1372 .0408 -.000589 
ash .0972 .0558 -.000589 
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Table B2. Tcee quality index equations 
Maine 
coefficients 
species a 
0 
a 
1 
a 
2 
hard maple .2362 .0361 -.000382 
paper birch .0951 .0390 -.000367 
beech .2U43 ,0303 -.000326 
yellow birch .0323 .0482 -.000615 
red oak .3998 .0266 -.000251 
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Table B3. Tree quality index equations 
New York 
coe fficients 
species a a a 
0 1 2 
hard maple .2362 .0361 -.000382 
beech . 1808 .0363 -.000457 
soft maple .0241 .0515 -.000635 
red oak .3998 .0266 -.000251 
yellow birch .0323 .0482 -.000615 
basswood .5989 .0107 -.000044 
elm .2517 .0287 -.000361 
ash -,0209 = 0655 -=000909 
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Table D4. Tree quality index equations 
Wisconsin 
coefficients 
species a 
0 
a 
1 
a 
2 
black oak .6499 .0156 -.000230 
red oak .1793 .0360 -.000393 
hard maple .2344 .0188 -.000035 
elm .2730 .0257 -.000259 
bassvood .5864 .0122 -.000000 
white oak -.1894 ,0753 -.001125 
paper birch .0830 .04 05 -.000411 
soft maple -.2190 .0558 -.000775 
115 
APPENDIX C 
116 
Table Cl. Stum page price equations 
I ndiana 
for lower limit of range 
coefficients for second degree polynomial 
species w w w 
0 1 2 
black walnut -311.6 34.75 -.5940 
black oak - 99.5 8.01 -.0901 
red oak -123.6 10.96 -.1438 
white oak -117.3 9.97 -.1182 
hard maple -136.6 12.57 -.1401 
soft maple -190.6 15.42 -.2000 
Cot tonwood  -133-3 10.16 -.1513 
yellow poplar -137.0 12.21 -.1707 
beech -130.7 10. 12 -.1381 
hickory -125. 1 10.96 -.1606 
ash -165. 2 14.72 -.176 5 
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Table C2. Stum page price equations 
for the mid-range 
I ndiana 
coefficients for second degree polynomial 
species www 
0 1 2 
black walnut -2ÎS. 6 34. 75 -.5940 
black oak - 85. 5 8. 01 -.0901 
red oak 1 o
 
6 10. 96 -.1438 
white oak -103. 3 9. 97 -.1182 
hard maple -124. 6 12. 57 -.1401 
soft maple -178. 6 15. 42 -.2000 
cottonyood -119. 3 10, , 16 -.1513 
yellow poplar -122. 0 12. 21 -.1707 
beech -115. 7 10. 12 -.1381 
hickory -110. 1 10. 96 -.1606 
ash -156. 2 14, .72 -.1765 
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Table C3. Stum page price equations 
for upper limit of range 
Indiana 
coefficients for second degree polynomial 
species w w w 
0 1 2 
black walnut - 81.6 34.75 -.5940 
black oak - 75.5 8.01 -.090 1 
red oak - 99.6 10.96 -.1438 
white oak - 94.3 9.97 -.1182 
hard maple -115.6 12.57 -.1401 
soft maple -168.6 15.42 -.2000 
rn r tnn  WOOÔ.  -  10  9  -  Î  10 .  16  -.1513 
yellow poplar -112.0 12.21 -.1707 
beech -105.7 10. 12 -.1381 
hickory -100. 1 10.96 -.1606 
ash -142.2 14.72 -.1765 
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Table C4. Stum page price equations 
foc lovec limit of range 
Wisconsin 
coefficients for second degree polynomial 
species www 
0 1 2 
aspen - 57.2 6.80 -.1050 
red oak - 98.5 10.01 -.1320 
hard maple - 76. U 6.48 -.0427 
elm - 83.9 7.41 -.0884 
white oak -132.4 12.34 -.1859 
paper birch - 82.6 9.62 -.1098 
soft ZuuplG = 163. 1 13.42 -. 190 0 
basswood - 72.4 6.11 -.0620 
jack pine - 36.3 5.05 -.0784 
hemlock - 48.0 5.05 -.0784 
white pine -123.2 11.39 -.1868 
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Table C5. Stum page price equations 
for the raid-range 
Wisconsin 
coefficients for second degree polynomial 
species w w w 
0 1 2 
aspen - 52.2 
o
 
C
O
 
-.1050 
red oak - 88.5 10.01 -.1320 
hard maple - 61.4 00
 
-.0427 
elm - 71.9 7.41 -.0884 
white oak -117.U 12.34 -.1859 
paper birch - 73.6 9.62 -.1098 
soft maple -142=1 13 = 42 -=1900 
bassHOod - 54.4 6. 11 -.0620 
jack pine - 34.3 5.05 -.0784 
hemlock - 43.0 5.05 -.0784 
white pine -117.2 11.39 -.186 8 
121 
Table C6. Stum page price equations 
for upper limit of range 
Hi sconsin 
coefficients for second degree polynomial 
species www 
0 1 2 
aspen - 42. 2 6.80 =.1050 
red oak - 63.5 10.01 -.1320 
hard maple - U6.U 6.48 -.0427 
elm - 58.9 7.41 -.0884 
white oak - 97.U 12.34 -.1859 
paper birch - 68.6 9.62 -.1098 
soft maple -117. 1 13.42 -.1900 
basswood - 24.4 6.11 -.0620 
jack pine - 26.3 5.05 -.0784 
hemlock - 18.0 5.05 -.0784 
white pine - 97.2 11.39 -.1868 
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Table C7. Stumpage price equations 
for lover limit of range 
New York 
coefficients for second degree polynomial 
species w 
0 
H 
1 
tf 
2 
yellow birch -138.4 13.05 -.1762 
hard maple - 93.2 9.87 -.1167 
hemlock - 52.4 5.05 -.0784 
beech ^121.8 10.24 -.1433 
soft maple -131.7 12.93 -.1750 
red oak - 78.1 7.72 -.0974 
bassMQod - 59.4 6.01 #3 55 6 
elm - 97.9 8.51 -.1061 
ash -139.0 15.63 -.2227 
spruce - 45.0 5.05 -.0784 
balsam fir - 45. 0 5.05 -.0784 
white pine -132.2 11.39 -.1868 
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Table C8. Stum page price equations 
for the mid-tange 
New York 
coefficients for second degree polynomial 
species v v v 
0 1 2 
yellow birch -127. 4 13. 05 -.1762 
hard maple 
0
 
CO 1 2 9. ,87 -.1157 
hemlock - 50. 4 5. 05 -.0784 
beech -113. 8 10. ,24 -.1433 
soft maple -122. 7 12. ,93 -.1750 
red oak - 73. 1 7. 72 -.0974 
bassvood - 50. 4 6 4  ,01 -.0566 
elm - 90. .9 8. 51 -.1061 
ash -135. ,0 15, .63 -.2227 
spruce - 37. 0 5. 05 -.0784 
balsam fir - 37. .0 5, .05 -.0784 
white pine -125, ,2 11 .39 -.1868 
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Table C9. Stum page price equations 
for upper limit of range 
Wen York 
coefficients for second degree polynomial 
species w w w 
0 1 2 
yellow birch -116.4 13.05 -.1762 
hard maple - 67.2 9.87 -.1167 
hemlock - 43.4 5.05 -.0784 
beech -111.8 10.24 -.1433 
soft maple -114.7 12.93 -.1750 
red oak - 65. 1 7.72 -.0974 
basstfood - 41.4 6,01 - . 3 5 6 6  
elm - 83.9 8.51 -.1061 
ash -123.0 15.63 -.2227 
spruce - 36.0 5.05 -.0784 
balsam fir - 36.0 5.05 -.0784 
ahite pine -122. 2 n .  3 9  -.186 8 
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Table CIO. Stum page price equations 
for lower limit of range 
Maine 
coefficients for second degree polynomia] 
species w 
0 
w 
1 
w 
2 
yelloï birch -136. 4 13.05 -.17&2 
paper birch -104. 6 11.68 -.1188 
red oak - 84. 1 7.72 -.0974 
hard maple -111. 2 9.87 -.1167 
beech -102. 3 10.24 -.1433 
white pine -127. 2 11.39 -.186 8 
hemlock - 49. 1 5.05 -.0784 
cedar - 40. 4 5.05 -.0784 
white spruce - 40. 3 5.05 -.0784 
balsam fir - 41. 3 5.05 -.0784 
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Table Cil. Stum page price equations 
for the Bid-range 
Maine 
coefficients for second degree polynomial 
species www 
0 1 2 
yelloy birch -129.4 13.05 - . 176 2 
paper birch - 99.6 11.68 -.1188 
red oak - 80.1 7.72 -.0974 
hard maple -107. 2 9.87 -.1167 
beech - 98.3 10.24 -.1433 
white pine -122.2 11.39 -.1868 
hemlock - 47. 1 5.05 -=0784 
cedar - 38.4 5.05 -.0784 
white spruce - 37.3 5.05 -.0784 
balsam fir - 39.3 5.05 -.0784 
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Table C12. Stum page price equations 
for upper limit of range 
Maine 
coefficients for second degree polynomial 
species www 
0 1 2 
yelloy birch -122. % 13.05 -.1762 
paper birch - 94.6 11.68 -. 1188 
red oak - 75. 1 7.72 -.0974 
hard maple -103. 2 9.87 -.1167 
beech - 94.3 10.24 -.1433 
white pine -116.2 11.39 -.1868 
hemlock - 43. 1 5.05 -.0784 
cedar - 35.4 5.05 -.0784 
white spruce - 32.3 5.05 -.0784 
balsam fir - 36.3 5.05 -.0784 
1 2 8  
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Table D1. Stumpage price index equations 
for lower limit of range 
Indian a 
coefficients for second degree polynomial 
species v v v 
0 1 2 
black walnut - 3.45 .3850 -.00658 
black oak - 9.79 .7827 ' -.00855 
red oak - 8.75 .7742 -.01005 
white oak - 5.76 .4863 -.00560 
hard maple - 4.64 .4240 -.00431 
soft maple - 8.34 .6634 -.00814 
Cottonwood - 14.51 1.0940 _ niggi 
beech -18.44 1.4196 -.01905 
hickory -13.53 1.1759 -.01677 
ash - 6.31 .5555 -.00621 
yellow poplar - 6.38 .5561 -.00715 
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Table D2. Stumpage price index equations 
for the mid-range 
Indiana 
coefficients for second degree polynoffliî] 
species V V V 
0 1 2 
black aalaiit - 1.19 .1896 ^m 00324 
black oak - 3.12 .2833 -.00247 
red oak - 3.59 .3545 -.00420 
white oak - 2.90 .2780 -.00309 
hard maple - 3.12 .3150 -.00352 
soft maple - 5.07 .4327 -.00535 
Cottonwood - 4.77 .3941 -.00535 
beech - 5.08 .4396 -.00576 
hickory - 4.60 .4579 -.00672 
ash - 4.10 .3766 -.00376 
yellow poplar - 3.29 .3266 -.00431 
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Table 03. Stumpage price index equations 
for upper limit of range 
Indiana 
coefficients for second degree polynomial 
species v v v 
0 1 2 
black tîalnut - .25 .1085 -.00135 
black oak - 1.71 . 1775 -.00118 
red oak - 2.39 .2621 -.00312 
white oak - 1.91 .1999 -.00194 
hard maple - 2.07 .2236 -.00202 
soft maple - 3.39 .3000 -.00326 
Cottonwood - 2.82 .2513 -.00315 
beech - 2.79 .2579 -.00283 
hickory - 2.79 .3045 -.00427 
ash - 2.60 .2650 -.00262 
yellow poplar - 2.42 .2627 -.00358 
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Table D4. Stumpage price index equations 
for lower limit of range 
Wisconsin 
coefficients for second degree polynomial 
species V V V 
0 1 2 
paper birch - 5.17 .6024 -.00690 
aspen - 5.50 .6552 -.00987 
red oak - 6.27 .6341 -.00795 
hard maple - 3.45 .2820 -.00107 
elm - 8.3U .7360 -.00870 
jack pine - 2.46 .3496 -.00505 
basswood - 5.90 .4935 =.00477 
hemlock - 4.58 .4789 -.00718 
white oak -13.18 1.2279 -.01843 
soft maple -17.94 1.4695 -.02057 
white pine - 5.75 .5192 -.00787 
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Table 05. Stuispage price index equations 
for the mid-range 
Wiscons in 
coefficients for second degree polynomial 
species V V V 
0 1 ; 
aspen - 2.96 .3940 -.00549 
red oak - 3.13 .3541 -.00410 
hard maple - 1.47 .1528 -.00040 
elm - 2.84 .2875 -.00276 
jack pine - 2.14 .3193 -.00479 
basswood - 1.65 .184% -.00158 
hemlock. - 2.72 .3133 -.00479 
white oak - 4.23 .4404 -.00609 
paper birch - 2.75 .3623 -.00383 
soft maple - 4.52 .4227 -.00571 
white pine - 3.69 .3469 -.00481 
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Table D6. Stunpage price index equations 
\ 
for upper limit of range 
Wisconsin 
coefficients for second degree polynomial 
species v v v 
0 1 2 
aspen - 1.49 .2491 -.00362 
red oak 1 O
 
.1770 -.00205 
hard maple 1 sA
 
O
 
.1268 -.00078 
elm - 1.27 .1642 -.00132 
jack pine - .96 .1983 -.00287 
basswood - .04 .0596 .00004 
w s w* loc k - .40 .1206 -, 00182 
white oak - 2.03 .2591 -.00375 
paper birch - 2.22 .3133 -.00348 
soft maple - 1.75 .2011 -.00237 
white pine - 1.86 .2204 -.00335 
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Table D7. Stumpage price index equations 
for lower limit of range 
New York 
coefficients for second degree polynomial 
species v v v 
0 1 2 
hard maple - 2.51 .2642 -.00277 
hemlock - 3.69 .3496 -.00505 
beech -11.96 .9977 -.01367 
soft maple - 5.71 .5561 -.00716 
red oak - 2.82 .2716 -.00279 
yellow birch - 3.81 .3485 -.00400 
bassvfood - 2.05 .2029 #00131 
elm - 6.59 .5615 -.00641 
ash - 2.79 .3235 -.00459 
spruce - 3.13 .3496 -.00505 
balsam fir - 3.13 .3496 -.00505 
white pine -12.91 1.1048 -.01785 
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Table D8. Stum page price index equations 
for the mid-range 
New York 
coefficients for second degree polynomial 
species V V V 
0 1 2 
hard maple - 1.38 .1725 -.00153 
hemlock - 3.21 .3193 -.00479 
beech - 6.20 .5545 -.00760 
soft staple - 3.87 .4066 -.00538 
red oak - 2.00 .2068 -.00185 
yellow birch - 2.81 .2865 -.00366 
ha C7 c _ 1, (1 
.1372 =.00065 
elm - 4.07 .3754 -.00430 
ash - 2.63 .2946 -.00352 
spruce - 1.58 .2194 -.00320 
balsam fir - 1.58 .2194 -.00320 
white pine - 6.99 .6287 -.00998 
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Table D9 . Stumpage price index equations 
for upper limit of range 
New York 
coefficients for second degree polynomial 
species V V V 
0 1 2 
hard maple - .59 .1040 -.00041 
hemlock - 1.56 .1829 -.00238 
beech - 5.20 .4671 -.00603 
soft maple - 2.43 .2725 -.00299 
red oak - 1.53 .1817 -.00195 
yellow birch - 1.76 .1963 -.00211 
bassBood - =59 .0974 -.0002% 
elm - 2.80 .2807 -.00321 
ash - 1.70 .2200 -.00268 
spruce - 1.23 .1829 -.00238 
balsam fir - 1.23 .1829 -.00238 
white pine - 5.97 .5538 -.00896 
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Table DIO. Stuopage price index equations 
for lover limit of range 
Haine 
coefficients for second degree polynomial 
species v v v 
0 1 2 
Kbits spruce = 2.54 .3193 -.00475 
yellow birch - 7.55 .7191 -.00963 
hemlock - 3.51 .3609 -.00561 
hard maple - 6.67 .5852 -.00650 
paper birch - 5.63 .6272 -.00547 
beech - 7.36 .7288 -.00953 
red oak - 4.56 =4038 -.Û0473 
cedar - 4.05 .5115 -.00745 
balsam fir - 2.95 .3609 -.00561 
white pine - 7.55 .6583 -.00998 
1 3 9  
Table Oil. Stumpage price index equations 
for the aid-range 
Maine 
coefficients for second degree polynomial 
species v v v 
0 1 2 
shits spruce - 1.57 .2232 -.00290 
yellow birch - 4.98 .4973 -.00642 
hemlock - 2.80 .2997 -.00450 
hard maple - 4.91 .4421 -.00454 
paper birch - 4.06 .4779 -.00405 
beech - 5.59 .5797 -.00786 
red oak - 3.26 ,3067 -.00331 
cedar - 3.24 .4309 -.00641 
balsam fir - 2.32 .2997 -.00450 
white pine - 5.97 .5538 -.00896 
no 
Table D12. Stumpage price index equations 
foe upper limit of range 
Maine 
coefficients for second degree polynomial 
species v v v 
0 ^ 2 
whits spruce - 1.22 .1983 -.00287 
yellow birch - 3.31 .3469 -.00400 
hemlock - 2.04 .2395 -.00359 
hard maple - 4.12 .3902 -.00433 
paper birch - 3.24 .4023 -.00363 
beech - 4.47 .4850 -.00676 
red oak - 2.27 .2269 -.00211 
cedar - 2.53 .3609 -.00561 
balsam fir - 1.71 .2429 -.00355 
white pine - 4,18 .4064 -.00641 
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APPENDIX E 
The definition of the average stunpage price was given 
in equation (3.1) as: 
p=V-(l+z) (L+H) 
It was observed that the range of average stunpage prices is 
greater than tha range of average prices for delivered logs: 
P -P >[p+L(i+z)] (1} 
max min max min 
or: 
[ V-(1 + z) (L+M) ] -[V-(1+z) (L+M) ] 
max min 
>[V-(1+Z)M] -[V-(UZ)H] 
max min 
For a tree of average DBH: V =V =V 
max min 
M =H =M 
max min 
Fur [ V-â ] to uc ûiâïxuiiui {uiiiii lauiu) ; k muât be minimum (maxim um) , 
where; A= (Hz) (L+M) 
For [ V-3 3 to be maxisu™ {EinimuE), A Eust be 2iRim!i!n( maximum} , 
where: B=(1+z)M 
i.e. (1) becomes; 
V-(1+z) M-(1+z) L -V+(1+Z)M + (1+Z)L >V-(1+Z) M-V+(1+z) H 
min max 
or: y=(1+z)(L -L )>0 
max mi a 
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This implies that the range of stumpage prices is greater 
than that of delivered logs because of greater differences in 
logging costs. 
Also: dy/dz=(L -L ) >0 
max min 
i.e. the margin for risk increases and z(L) should be greater 
than z(M), since, by definition: dx/dz=0, 
where: x = (1 + z) (M - M ) = 0. 
max min 
